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ABSTRACT
The Trivers-Willard Hypothesis states that parental investment is a function of
parental condition and that parents invest in the sex of offspring that offers the greatest
reproductive returns. Parental investment is a cost/benefit strategy: parents in worse
condition should invest in the sex with the least risk of not reproducing at the cost of high
reproductive returns (females) and parents in better condition should risk investing in the
sex with the greatest potential returns and highest reproductive variance (males). Tests of
this hypothesis in humans have yielded mixed results, with greater support coming from
small, economically homogeneous societies. We address two methodological issues that
have arisen in tests of the Hypothesis: the lack of a standardized metric by which
condition is operationalized and the tendency to treat a modernized population as though
it does not have social, cultural, and ethnic differences. This projects seeks to redefine the
metrics that are used to operationalize condition, to analyze sex-biased investment in a
heterogeneous, modernized population by applying the concept of ecologically-valid
reproductive subpopulations, and to investigate whether parents in this population bias
their investment in ways that conform to the Trivers-Willard Hypothesis. We tested a
sample of 105 mothers across four ZIP Codes. Results suggest that there is no difference
in maternal investment based on child sex, nor is there an association between maternal
condition and parental investment. However, these conclusions are limited by a small
sample size; further research will be required.
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CHAPTER 1
INTRODUCTION
Children are expensive. They are a drain on financial and energetic resources, and
they’re always hungry. Educating them is costly. They need constant attention and
affection, and until they’re about four years old, they need a constant watchful eye to
ensure that they don’t run into traffic or get bitten by a snake. They have immature
immune systems and get sick all the time. Parents do not have an infinite supply of
resources with which to raise children, and having more than one child means that these
already finite resources are continuously fractured. From an evolutionary perspective,
should we predict that parents will choose to delegate their resources to any and all
children in an equitable manner? Will they invest in all children equally, or will they bias
their investment toward specific children or children with particular qualities, including
possibly one sex over the other?
The Trivers-Willard Hypothesis (Trivers & Willard, 1973) was proposed to
explain biases in offspring investment. Parental investment has been defined in a variety
of ways throughout the history of evolutionary biology (see Charnov, 1930; Fisher 1984).
For the sake of this study, we will follow Trivers’ (1972) definition of parental
investment: “Any investment by the parent in an individual offspring that increases the
offspring’s chance of surviving (and hence reproductive success) at the cost of the
parent’s ability to invest in other offspring” (p. 139). Building on this, I refer to
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investment as the delegation of available resources, whether those resources are a)
delivered in utero or b) as part of either active or subconscious behavior toward living
children. Investment in utero will only be addressed in this project in terms of literature
review and theoretical constructs.
The Trivers-Willard Hypothesis predicts that parental investment is a function of
parental condition, with parents investing in the sex that offers the greatest reproductive
potential, given the investment resources available to the parents. It is predicted that
parents in worse condition will invest in the sex with the lower reproductive variance
(females), that is, those children with a more reliable, though modest, reproductive return.
It is likewise predicted that parents in better condition will invest in the sex with the
greater reproductive variance (males), who also have the possibility of a much greater
reproductive return. While this hypothesis has been considered to be theoretically
powerful, the applicability of it to human populations and behavior has been
controversial due to the conflicting evidence for the presence of a Trivers-Willard effect
in human populations, with greater support coming from small, homogenous populations.
Tests of the Hypothesis conducted within modern populations have yielded nearly equal
numbers of supporting results and failures to support the Hypothesis. This projects seeks
to redefine the metrics that are used to operationalize parental condition, to analyze sexbiased investment in a heterogeneous, modernized population by applying the concept of
ecologically-valid reproductive subpopulations, and to investigate whether parents in this
population bias their investment in ways that conform to the Trivers-Willard Hypothesis.
In this chapter, I will use an in-depth description of the evolution of sexual
reproduction to show that differences in male and female reproductive variance lead to
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the hypothesis that parental investment is a function of parental condition. Evidence from
non-human primates and non-human mammals will be presented. Then, I will discuss the
theoretical basis for the Trivers-Willard Hypothesis, as well as the theoretical models that
led to the production of the Hypothesis and theoretical critiques of the Hypothesis. The
argument that I will make in this paper (that maternal condition in humans is multifaceted and should be tested within populations, rather than between) will be laid out.
Finally, the chapter will end with the aims of the project and the specific hypotheses and
predictions.
Chapter 2 will examine previous literature on the Trivers-Willard Hypothesis in
humans, which will be broken down into studies done in the following categories:
maternal health and breastfeeding, inheritance and marriage, measuring investment in a
modernized population, mathematical models of the Hypothesis, and the Generalized
Trivers-Willard Hypothesis. This chapter will be used to show that there is little
consistency between studies on the Hypothesis, and that interpretations of the Hypothesis
are also vast and varied.
Chapter 3 will lay out previous literature on assortative mating, or non-random
mating. This chapter will be broken down into broad categories that seem to represent the
strongest factors in mate choice: cultural similarity, propinquity, and educational
attainment and earning potential. A discussion on assortative mating for personality and
mate choice will also be provided, as these are factors that also contribute to mate choice.
Using census data for the city of Fullerton, California, I will show that there are adequate
differences between Fullerton ZIP Code populations to use ZIP Code as a valid proxy for
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an assortative mating population. That is, there are enough differences between the
populations for a within-population test of the Trivers-Willard Hypothesis.
Chapter 4 will discuss the first steps in the methodology used in the test of the
Trivers-Willard Hypothesis. Because we did not fully understand the factors that
contribute to maternal condition, a pilot study was conducted. A factor analysis was
conducted, and the results will be presented here. With this pilot study, we were able to
understand more about the averages of maternal life, such as the number of children we
could expect our participants to have, and a reasonable number of people to have to turn
to for aid.
Chapter 5 will include the second part of our methodology and the description of
the instrument we used to measure maternal condition and parental investment. The two
main investment variables we used will also be discussed, as will their specific
component. A description of the index of maternal condition will be provided; however,
the body of the index will be available in the Appendix.
Chapter 6 will report the results of the test of the Hypothesis. To first determine if
we were correct in our assumption that the demographic characteristics of the four ZIP
Codes in the city of Fullerton are varied enough to serve as a proxy for distinct mating
populations, we conducted a regression test that compared the populations to each other
for each demographic category. A full listing of the results is provided. A separate
statistical test was conducted for each of the three hypotheses; the results of these tests
will be provided.
Chapter 7 will discuss the interpretation of the results and the limitations to the
data and analysis that we determined. Reflections on the process and next steps will be
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provided. In conclusion, the relevance of this project to the growing body of literature
surrounding the Trivers-Willard Hypothesis will be discussed, as well as the relevance of
the project to the evolutionary social sciences as a whole.
Human Reproduction in Evolutionary Context
Bobbi Low (2015) adequately summarized male and female reproduction when
she said “ . . . from fish to flying squirrels, from Hanuman langurs to humans, males and
females of most species experience different costs and benefits in reproducing, and these
differences influence both lifetimes and social behavior” (p. 28). Sperm is energetically
cheap. In a single ejaculation, a human male can release millions of sperm. The time
between ejaculations is relatively short when compared to the time between release of
ova; that is, males can generally produce and release sperm at liberty, while the specific
timing of the release of ova is dependent on a fixed hormonal function. Obligate parental
investment, or the least amount of investment (time, energy, resources) that parents must
give in order to produce offspring, varies for the sexes as well. In mammals, males need
only contribute sperm. Females must also gestate, deliver, and perform the necessary
caretaking (e.g., lactation) in order to ensure offspring reach maturation. While the
intensity of obligate investment varies across the kingdom Animalia, in general, male
obligate investment in offspring is greatly reduced compared to female obligate
investment.
While the theoretical upper limit on male reproduction is the total number of
reproductively viable females in the mating population, males are realistically
constrained by the numbers of females to which they actually have sexual access. This
can be impacted by many features, including female dispersal patterns, male competition,
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and patterns of paternal investment. Paternal investment is far greater in humans than in
other mammals; indeed, fewer than five percent of mammalian species exhibit any sort of
paternal care. Human males, on the other hand may be physiologically obligated only to
provide sperm, but there has been strong evolutionary incentive for men to invest in their
children and in the mothers of their children, and there is cross-cultural, historical,
archaeological, and paleontological evidence that there are adaptations for such
investment by men (Gray & Anderson, 2010). The upper limit of human female
reproduction is the number of children her body can produce and support across her
lifetime. Not only is she obligated to carry her offspring for approximately 40 weeks, she
may also face a risky birth and three to four years of lactation. Men can reproduce ad
infinitum; women cannot.
Selective Pressure for Paternal Investment
Fewer than 5% of mammalian species exhibit any form of paternal investment
outside of conception. In humans, there has been selective pressure for paternal
investment, as it increases the odds of survival for human infants. There are several
factors that have played a part in the evolution of paternal investment. First, human
females (along with other great apes) have a much greater obligate investment than other
mammals. Gestation lasts approximately 40 weeks. When a mother is exclusively
breastfeeding and is not in a nutrient- or calorie-dense environment, her body ceases
menstruating and ovulating altogether, a process known as lactational amenorrhea. This
prevents her from becoming pregnant again, as the body of a mother without an
energetically dense diet cannot support both lactation and fetal development. While
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breastfeeding, the mother needs to increase her average intake in order to maintain
lactation (Ellison, 2003).
Second, humans are altricial, meaning that they are born without the capacity to
care for or protect themselves. Compare this to the giraffe, who is capable of running
from predators within minutes of birth. It has been proposed that human infants are born
so helpless because of what is known as the obstetric dilemma hypothesis: Bipedalism is
dependent on a narrow pelvis, as it shifts the center of gravity from the abdomen (as seen
in chimpanzees and gorillas) to the pelvis itself (see Whitman & Wall [2007] for an indepth osteological description of the evolution of the female pelvis). However, a largebrained infant cannot be birthed through such a narrow birth canal; thus, it is theorized
that there has been selective pressure for human infants to be born prematurely and have
massive brain growth during the first few months of life (Whitman & Wall, 2007). Some
researchers even refer to this period of post-partum as the “fourth trimester” (Jennings &
Edmunson, 1980). Paternal investment in either food production for the mother or
protection from other males during this period of time can increase infant survival odds
(Gray, 2010).
Finally, human children develop at a slower rate than other apes, because we have
a long period between infancy and adolescence during which there is rapid brain growth
and rapid social learning (Konner, 2011). It is during this time that children learn to
produce food, care for younger children, and navigate complex social rules through play.
But because children are essentially adults in training, they are still dependent on parental
care for their ultimate survival (Konner, 2011). Human mothers generally produce a child
every three to five years, and will generally have overlapping dependent offspring for
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whom they must provide (Konner, 2011). Fathers not only provide assistance with food
and safety, but where males provide the majority of meat, are also invaluable for passing
on ecologically specific knowledge to children (Gray, 2010).
Reproductive Variance
Bateman’s (1948) classic studies of reproductive differences in male and female
fruit flies led to the development of what has been called Bateman’s Principle, wherein
male reproductive variance is generally greater than female reproductive variance.
Reproductive variance refers to the variability in reproductive success between members
of the same sex in a species. Males tend to have higher reproductive variance, meaning
there may be a great degree of difference in reproductive success between males, while
females tend to have lower reproductive variance, meaning that most females will have
relatively similar reproductive success compared to one another. Bateman empirically
demonstrated this concept by marking equal numbers of male and female Drosophila
fruit flies and analyzing their reproductive outcomes. Female fruit flies were less likely to
fail to reproduce at all than males were, and there was greater variation in male
reproductive success than there was in female reproductive success (Bateman, 1948).
Bateman further theorized that these differences were related to investment differences in
gamete energetics; that is, the difference between cheap sperm and expensive ova has an
effect on reproductive fitness.
Trivers’s (1972) Parental Investment Theory revisited Bateman’s research and
attached theoretical constructs relating to sex differences in behavior. Trivers
hypothesized that within a given species, the sex with the least obligate investment in
offspring will tend to be less discriminative in mate selection and will be more
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competitive for mates, while the sex with the greater obligate investment will tend to be
more discriminative in mate selection. Trivers also posited that there are different
inherent risks for each sex, although these risks vary with levels of both maternal and
paternal care. Where there is paternal investment, males run the risk of being cuckolded,
while females risk being deserted. Where there is no paternal investment, the risk for
males is that they may waste time or energy on a non-viable reproductive event. For
female provisioners without paternal assistance, the greatest risk is that she will invest in
poor quality offspring as the result of reproducing with an inferior mate. In terms of
offspring and where investment translates into reproductive value, parents should weigh
the cost/benefit structure of investment in either sex and invest in the sex that offers the
greatest reproductive returns with the lowest cost. Trivers & Willard (1973) further built
on these ideas by considering when and how parents should invest in male versus female
offspring: if parental investment is a function of parental condition, parents should seek
to optimize their investment by investing in the sex that has the greatest reproductive
returns given their likely competitiveness in the mating market as predicted by parental
condition.
Global Reproduction by the Numbers
Because humans exhibit such a large degree of post-conception paternal
investment, there is less overall difference in reproductive variance between the sexes
than is generally seen in species with minimal paternal investment. Maternal reproduction
is also highly sensitive to energetic consumption and expenditure. Globally, the number
of children per mother is 2.4 (The World Bank, 2016). However, this is an aggregate of
women living in natural fertility populations and women living in populations with access
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to contraception, which has skewed the mean. Subsistence strategy is associated with
family size. Women in forager populations typically have between four and six children
in their lifetime, while this number is slightly increased for women in pre-industrial
agricultural populations (Bentley, Goldberg, & Jasieńska, 1993; Lawson & Mace, 2011).
The mechanism by which mothers in agricultural societies produce more children than
their foraging counterparts is still debated. While the commonly held belief attributes this
to the presence of early weaning foods, the reality is that hunter-foragers have an equal, if
not more abundant and varied, number of foods available to support the youngest of the
population (Sellen & Smay 2001). The “unified theory of fertility” (Bock, 2002; Kaplan,
Bock, & Hooper, 2001) offers a more detailed explanation, through explaining that there
are interactions between life history, ecology, and fertility.
Mothers living in post-industrialized nations have the lowest number of children,
partially due to the ready availability of contraception and its cultural adoption (Valeggia
& Ellison, 2004). There is evidence that with modernity comes a decrease in the mortality
rate that is associated with a decrease in the birth rate, a trend referred to as the
demographic transition. Simply put, mothers living in modernized populations have
fewer children than mothers in any other subsistence economy (see Mulder [1998] for an
in-depth analysis of this seemingly paradoxical trend). American mothers have an
average of two children (United States Census Bureau, 2016) in their lifetime. Currently,
American census data reports children in terms of total family size, and does not
distinguish between numbers of children purportedly produced by men and women
individually.
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The Trivers-Willard Hypothesis
Early theoretical attempts to explain sex-biased investment focused on population
sex ratio imbalances. Fisher (1930) theorized that sex ratios will balance out across
generations, as parents adjust their investment toward the sex that is most underrepresented in the population. Over time, the under-represented sex will become either
equally or overly represented, and parents will begin to favor the opposite sex. In 1973,
Trivers and Willard flipped Fisher’s theory on its head. They hypothesized that sex ratio
imbalances are a function of parental condition, and that parents will leverage their
condition when weighing the costs and benefits of investment of either sex of offspring.
In general, this equates to parents in greater condition (e.g., better health, social status, or
resources) investing in the sex with the greatest reproductive potential, at the cost of
reproductive certainty. As the reproductive potential for males is constrained only by the
number of females to which he has sexual access, parents in greater condition should
invest in male offspring. The reproductive payoff for investing in male offspring can be
enormous, but investing in males also runs the risk that less competitive male offspring
will never reproduce. Therefore, the risk of investing in males should be taken by those
parents whose relative condition is high enough to afford it. Parents in lower relative
condition, then, should invest in the sex with the greatest reproductive certainty and
lowest reproductive variance. However, female reproduction is constrained by the
number of offspring her body can carry throughout her lifespan, but females have a
greater overall certainty that they will reproduce. Parents in lower condition should
therefore take the ‘sure thing’ and invest in female children. The potential return may be
lower than it could be for males, but it offers greater certainty.
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There are three assumptions of the Hypothesis:1) That the condition of the
offspring at the end of the period of investment should be comparable to the parent’s
condition; 2) That the results of the investment period should last into adulthood; 3) That
slight advantages in maternal condition should confer additional benefits to male
offspring, but not female. Furthermore, it is necessary to state that although the term sex
bias is often used to define a Trivers-Willard effect, not all sex bias falls under the
umbrella of the Trivers-Willard Hypothesis. For the purposes of this paper, I will use the
term Trivers-Willard effect when referring to sex bias that is predicted by the TriversWillard Hypothesis.
Sex-Bias in Nonhuman Primates and Mammals
Some evidence of Trivers-Willard predicted sex-bias is more evident in nonhumans and non-primate mammals. A classic and oft cited example is that of ungulate
species (Clutton-Brocke, Albon, & Guiness, 1986), where female dominance ranking is
predictive of the sex ratio at birth. Ungulate species, which included large, hooved
animals such as reindeer, have a relatively long gestation period and have rigid
dominance hierarchies. Higher ranking females are predicted to produce more male
offspring, whereas the opposite is predicted to hold true for lower ranking females. While
studies of ungulate species are regularly cited (especially Clutton-Brocke et al. [1986]) as
being classic examples of a Trivers-Willard effect in non-human, a meta-analysis by
Hewison and Gaillard (1999) determined that less than half of the empirical studies at the
time (n = 21) actually provided supporting evidence for any sex ratio bias. Hewison and
Gaillard concluded that this is the result of little data on the influence of ungulate mothers
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on their daughter’s reproductive lives; that is, there was not sufficient data to test all three
assumptions of the Trivers-Willard Hypothesis.
Compositional analysis of milk has revealed differences in the milk produced for
either sex. In dairy cows, milk production by sex may be a function of environment. The
sample of American Holsteins provided evidence that first time mothers of heifers and
mothers who produced heifers after bulls produced greater quantities of milk than did
mothers who produced bulls (Hinde, Carpenter, Clay, & Bradford, 2014). A smaller
sample of Danish Holsteins provided evidence to the contrary: mothers produced a
significantly greater amount overall for bulls (Græsbøll, Kirkeby, Nielsen, &
Christiansen, 2015).
Hinde (2007; 2009) has done extensive research on macaque breast milk
composition. First time macaque mothers, who will often reproduce before they are fully
mature, tend to produce richer milk (higher calories, fat, protein, and sugar) if their first
offspring is male rather than female. Macaque females inherit their rank from their
mothers, while male rank is highly variable, with larger macaque males tending to have a
greater number of mating events and higher reproductive success. Hinde (2007) suggests
that for primiparous mothers, there is a trade-off between energetic investment in the self,
versus offspring; if the offspring is male, there may be higher returns for investing in him
over your own development. If the offspring is female, it is better to invest in yourself. A
second study that included multiparous mothers showed that for the multiparous, milk
production is still richer for sons, but is produced in greater quantities overall for
daughters. Hinde (2009) suggests that the difference in milk production for multiparous
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mothers is not indicative of sex-bias investment, but is rather the result of a differential
mechanism for growth regulation by sex.
A review of the literature at the time by Brown (2001) highlights the difficulties
in testing the Trivers-Willard Hypothesis. While Brown focuses her review on primate
studies, her argument speaks to some of the greater difficulties with testing the
Hypothesis in any species. First, for the studies she reviews on maternal care in primate
species (ranging across New and Old World taxa) few studies show any significant
differences in nipple contact time, pre- and post-natal care, or the length of inter-birth
interval. Second, Brown argues that the Hypothesis is predicated on a series of complex
ideas, and that no conclusive evidence for its support will be found until the mechanism,
be it biological or behavioral, by which sex ratios are biased is identified (Brown, 2001).
Finally, and most importantly, Brown’s argument about the Trivers-Willard Hypothesis
can be extended to studies on humans as well; she argues that without longitudinal data
that follows the lives of mothers from their own birth throughout their reproductive years,
and that also accounts for complex issues such as hierarchies, infant mortality, and social
relationships, there can be no definitive test of the Trivers-Willard Hypothesis (Brown,
2001). Thus, we are left with a single question: can the Trivers-Willard Hypothesis be
tested in highly social species, especially in humans?
Identifying the Problem in Testing the Hypothesis in Humans
Historically, there have been two methodological issues in testing the TriversWillard Hypothesis in humans. The first is that there is no standard metric by which
parental condition is operationalized, nor is there a standard definition for condition.
Trivers and Willard had theorized that socioeconomic status would be the best metric by
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which to analyze parental condition. The rationale they give for this is based on the
practice of hypergyny, in which women of lower socioeconomic status typically have
greater social mobility via marriage than do men (Trivers & Willard, 1973). A more
complete description of the ways this has been utilized in tests will be given in Chapter 2.
Cronk (2007) proposed that natural selection is likely to have favored mechanisms that
rely on environmental cues that are not necessarily specific to humans, such as the
mother’s own perceived resource availability. Some attempts at operationalizing
condition have included mother’s blood serum vitamin levels (Fujita, 2012a), father’s
educational attainment (Freese & Powell, 2001), co-wife status (Mealey & Mackey 1990;
Pollet, Fawcett, & Buunk 2009), parental height and weight (Kanazawa, 2005), parental
attractiveness (Kanazawa, 2007), and paternal aggression (Kanazawa, 2006).
In mammals with complex social rules and postnatal parental care, such as
humans, condition is multi-faceted and needs to be thought of in terms of both parent’s
physical and social condition (Cronk, 2007; Sieff, 1991). Physical condition refers to
parent’s physical health and nutrition status, while social condition encompasses the
parent’s social status relative to their mating population. A mother in better physical
condition can provide greater energetic resources during pregnancy, and can produce
both greater quantities and quality of breastmilk for infant feeding (Fujita, 2012a; Gibson
& Mace, 2003). Furthermore, better condition can confer greater immune response (and
less likelihood of orphaning children due to infectious disease), and can provide mothers
with greater ability to forage for food. A mother in greater social condition has the ability
to better navigate hierarchies, and thus seek greater status and better quality mates for her
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children. Both physical and social condition are equally important when analyzing
parental condition among social mammals.
The second methodological issue, which is largely a problem with testing the
Hypothesis in modern populations, is the reliance on testing the Trivers-Willard
Hypothesis with census style data that treats a large-scale population as a single,
homogenous mating population. For example, Almond and Edlund (2007) analyzed 10
years of US natality data and found that lower condition mothers have more daughters
and were more likely to lose sons at birth, but utilized a data set that failed to separate
unmarried, cohabiting mothers from mothers without paternal support. Gaulin and
Robbins (1991) analyzed over 900 birth records and found minimal support for the
Hypothesis, but did not take into consideration the effect of location on socioeconomic
status. This is an apples and oranges style comparison; any Trivers-Willard effects are
likely to wash out between populations. People are more likely to marry and have
children with partners of similar socioeconomic, religious, and cultural backgrounds
(Buss, 1984; Keller, 2015; Watson et al., 2004). If Trivers-Willard predicted sex biased
parental investment in humans is a function of parents’ perceived condition status, it will
be relative to those who could be considered to be resource competitors, i.e., their mating
population.
Critiques of the Hypothesis
The Trivers-Willard Hypothesis is, in effect, a sticky wicket of an evolutionary
theory when it comes to human populations. Some clarification of the Hypothesis itself is
necessary, because as Cronk (2007) and Hrdy (1987) have both discussed, the term
“Trivers-Willard” is often used to describe any case of sex-biased investment. Rarely
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stated are the three assumptions of the Hypothesis. This could be the result of not
explicitly stating these assumptions, or it could be the result of avoiding the
methodological minefield that would encompass the long-term, longitudinal study that
would need to be undertaken in order to test all three assumptions. Again, the
assumptions are: 1) The condition of the offspring at the end of the period of investment
should be comparable to the parent’s condition; 2) The results of the investment period
should last into adulthood; 3) Slight advantages in maternal condition should confer
additional benefits to male offspring, but not female (Trivers & Willard, 1973). The
Hypothesis does not make any assumptions about random or non-random mating
strategies, nor does it specifically address the added complication of occurring within a
mating system in which paternal investment is common, which should reduce the sex
difference in reproductive variance.
Hrdy (1987) offers a rather compelling critique of the Hypothesis:
“But in the world of historical demography, and indeed in the social
sciences generally, there have been so very few general theoretical models
with predictive powers that this state of affairs is sufficiently strong to
merit the scrutiny of psychologists, sociologists, and historians as well as
those biologists and anthropologists who are already intrigued by an
evolutionary hypothesis that is at once so logically coherent and difficult
to prove” (p. 137)
Hrdy’s critique leads us to question whether the elegance of the Hypothesis has created a
bias in the evolutionary literature. The discrepancy between the elegance of the
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Hypothesis and the empirical evidence has also been explored by Brown (2001) and
Pollet and Nettle (2009).
Kanazawa has routinely argued for what he calls a “Generalized Trivers-Willard
Hypothesis,” which argues that any heritable trait that positively affects male
reproductive fitness should create a sex ratio that is biased toward males, while the
opposite should hold true for females. While the legitimacy of the Generalized TriversWillard Hypothesis has been contested (Pollet & Nettle 2010), Kanazawa has found
evidence that certain traits that purportedly increase male, but not female, reproductive
fitness are associated with greater production of male offspring. These traits are: male
size, measured through height and weight (Kanazawa, 2005), attractiveness (Kanazawa,
2006), and aggression (Kanazawa, 2007). This will be fully explored in Chapter 2.
There is also a case to be made in distinguishing between investment in utero and
investment throughout childhood. Trivers and Willard generally focused on the potential
for the mammalian maternal body to facilitate the sex ratio at birth, implying that the
female body has a sex-selective mechanism. Human populations are dedicated less than a
paragraph in the original paper by Trivers and Willard, but they do note that if their
hypothesis is applicable to humans, it will be on a socioeconomic scale and will be most
present when looking at marriage practices, specifically as they apply to women marrying
above their social class (Trivers & Willard, 1973).
Project Aims
The question to be asked is whether there is sufficient evidence that human
parents behave in a way that is predicted by the Trivers-Willard Hypothesis. Furthermore,
what shape does investment take as societies stratify? How does living in a post-
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industrialized society affect parental investment? This project will seek to answer these
questions, as well as the question of how maternal condition can best be operationalized
in a modernized society. We will focus on a multi-faceted approach to defining
investment, using quantitative measures to assess investment across multiple interacting
constructs: financial investment, time investment, social capital investment, and cognitive
investment. This project will test investment by mothers of elementary school-aged
children and will compare mothers from multiple sub-populations to ensure that TriversWillard effects are compared within, and not between, likely mating populations. Further
aims were:
1)

To determine the factors that contribute to maternal condition in the study
population: While physical health is relatively easy to quantify, social
health is not. A pilot study was conducted to determine the factors that
contribute to social health, as well as the average number of people across
multiple areas on whom mothers can rely for aid. Using the results of the
pilot study, a targeted instrument to assess social condition was created.
Physical and mental health were measured using the SF-12 short form
health survey.

2)

To address the ways in which investment could take shape in this
population: Maternal investment can take multiple forms. For every
construct that was brainstormed, a complication also arose. For example,
if a mother chooses to have a nanny care for her children for the greatest
portion of the day, it is impossible to tell if the mother is not investing in
her children or is attempting to find them the better care than she can
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offer. Because of this, we limited the investment metrics to those that were
most easily quantifiable: time allocation investment and financial
investment, with the expectation that there may be a tradeoff between
these forms of investment (for example, a mother with more financial
resources may have less time to spend with her children, but may spend
more money on enriching activities).
3)

To determine the usefulness of using ZIP Codes to infer ecologically-valid
mating subpopulations. Evidence from the assortative mating literature
(see Chapter 3) suggests that proximity, education, and cultural similarity
are the strongest factors in mate choice. Because these factors vary so
much across the ZIP Codes in our study population, we will attempt to use
ZIP Codes as proxies for ecologically valid mating subsamples.
Hypotheses and Predictions

Based on the findings of the previous literature and the original Trivers-Willard
Hypothesis, three hypotheses were derived. These hypotheses are in line with the
assumptions of the Trivers-Willard Hypothesis; however, as this is a cross-sectional study
on a small population, a methodological issue arose in meeting the second assumption
(the condition of children at the end of the investment period will be equal to the
condition of mothers during the investment period). To mitigate this issue, we created a
measure of change maternal condition across their life span. This was done by asking
mothers to evaluate their perceived socioeconomic status during their childhood and their
perceived socioeconomic status now. The three hypotheses and their predictions are as
follows:
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H1: Parental investment will be positively correlated with parental condition
On average, we should expect that greater resources will be translated into greater
investment in offspring, regardless of offspring traits, including offspring sex. Thus,
mothers in better condition should exhibit higher investment, while mothers in poorer
condition should exhibit lower investment.
H2: Across all groups, better condition should be associated with greater investment
in sons, but not daughters
Hypothesis 2 represents a standard version of the Trivers-Willard Hypothesis, and
represents the way the Trivers-Willard Hypothesis is generally tested. Across mating
populations, parents in worse condition should invest more in their daughters than their
sons, while parents of higher condition should invest more in their sons than their
daughters. However, we expect that without grouping participants into appropriate
mating populations, we should see no difference in investment in male and female
children across populations.
H3: When parents are sorted into appropriate mating populations, we will see more
instances of sex-biased investment
Hypothesis 3 represents a refined version of the Trivers-Willard Hypothesis. This
hypothesis supports the idea that the Trivers-Willard Hypothesis can only be tested
within, not between, populations. We predict that when parents are sorted into an
appropriate, ecologically valid mating pool, we should see more instances of sex-bias
within the population than between populations.
Conclusions
The differences in maternal reproduction and investment throughout the human
population lead us to believe that reproduction and investment are context dependent; that
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is, the environment (whether cultural or ecological) should affect the ways that mothers
optimize their reproductive lives. The Trivers-Willard Hypothesis attempts to explain the
ways that parents facilitate the sex ratio and thus their own reproductive lineages, but
offers little in the way of detailed explanations. My next chapter will build on this, as we
explore the myriad of ways the Hypothesis has been defined, extended, generalized,
misinterpreted, supported, and opposed.
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CHAPTER 2
REVIEW OF TRIVERS-WILLARD LITERATURE
There is a trend in the anthropological literature in which support for the TriversWillard Hypothesis is better found in tests done in small scale societies than in tests done
in large scale, modernized societies. It could be argued that the consistency with which
the presence of Trivers-Willard effects is found in small scale societies is the result of the
economically homogenous nature of these societies and that any small increases in
maternal condition that could affect the sex ratio would be more apparent. This chapter
will focus on the methodological differences in the ways the Hypothesis has been tested,
and will break down studies into a few main categories: maternal health, including
breastfeeding; marriage and inheritance; models of the Hypothesis, studies done in the
United States, and the Generalized Trivers-Willard Hypothesis.
Economic homogeneity decreases with social complexity. Anthropological tests
of the Hypothesis tend to be done in small-scale societies, which trend more toward
egalitarianism. With social stratification comes class differences, and lowered social
mobility, except for those cases in which low status parents can negotiate a relatively
greater bride price by marrying daughters to higher ranking men than they can by
marrying them to similarly ranking men. Consider a population with a binary social
hierarchy. The two groups live in one general area, but are clustered by socioeconomic,
ethnic, and cultural traits. A single test of the Trivers-Willard Hypothesis done in a
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heterogeneous population negates all but those in best and worst condition, and
collapsing the middle groups leads to null results; that is, any Trivers-Willard effects
wash out.
Marriage and Inheritance
A component of the Hypothesis commonly addressed in studying the TriversWillard Hypothesis is hypergamy, or the ability to marry above one’s social standing.
This usually follows the trend of the bride marrying into a higher social class, rather than
the groom. It would seem that in these societies, a higher emphasis should be placed on
female children than males. However, the rate of investment in children can be related to
economic factors in cultural marriage practices. Where the hypergynous marriage of a
daughter can bring resources to the family (bride price), it makes more sense to invest in
female children over male. Where the hypergynous marriage of a daughter reduces
familial resources (dowry), it makes more sense to invest in male children. Thus, in
cultural groups that practice bride price, and where women are capable of upward social
mobility, low status parents may bias investment toward daughters (Low, 2000).
Cronk’s 1989 paper on sex-biased parental investment among the Mukogodo is an
oft-cited example of marriage potential and sex-bias. The Mukogodo are a group of Maa
speaking hunter/horticulturists who have relatively low social status compared to other
Maa speaking groups. Unlike other Maa groups (especially the Masaii), the Mukogodo
still rely on hunting, and not pastoralism, as their main source of animal protein. Their
herd size is regularly quite small, and most men must delay marriage in order to pay bride
price, while men from other higher ranking groups regularly marry Mukogodo women
because of their low bride price. Cronk (1989) found that while the reported sex ratio at
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birth was normal, the sex ratio at later ages was skewed in favor of girls. Because the
Mukogodo do not consider an infant to be a person until he or she is several months old,
it was impossible to account for cases of passive infanticide or neglect in male infants.
Furthermore, even though most Mukogodo infants are underweight, boys are often more
underweight and malnourished than girls. Mukogodo mothers were also more likely to
bring their female infants in for medical check-ups than their male infants. What is
especially interesting in the Mukogodo case is the concept of intention versus action; in a
later paper Cronk (2007) notes that boys are stated to be the preferred sex, but girls
receive greater investment.
In examining daughter bias in a group of Hungarian Gypsies, Bereczkei and
Dunbar (1997) theorized that the presence of such daughter bias was related to the high
incidence of hypergamous marriages to wealthier Hungarian men. The authors attribute
the preference for exogamous marriage to childhood outcomes: children of
hypergamously married Gypsy women have significantly higher birth weights, lower
mortality weights, and greater overall outcomes (Bereczkei & Dunbar, 1997). In Gypsy
populations, the sex ratio was biased toward the production of daughters. However,
among the exogamously married women, the sex ratio was biased toward the production
of sons. Among the Yomut of Iran, the inverse is true: because of their higher relative
status compared to other ethnic groups and because there is hypergyny within the ethnic
groups, sons have a greater choice of partners and have greater overall reproductive
opportunities. Thus, sons are preferred over daughters (Irons, 2000).
Within in a marriage, cowife status may be indicative of sex-ratio bias. Where
resources are not shared equally among co-wives, higher ranking cowives should be
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expected to produce more sons than daughters, while the opposite should hold true for
lower ranking cowives. Pollet, Fawcett, and Nettle (2009) performed a short empirical
test on Rwandan mothers in polygynous marriages. This test analyzed a sample of over
95,000 Rwandan mothers, and compared the differences in the numbers of male and
female children produced by mothers in monogamous marriages and by mothers in
polygamous marriages. Nearly 90% of mothers live in monogamous marriages, however
the 10% of polygynous marriages still yield a sample size of nearly 10,000 mothers
(Pollet et al., 2009). Maternal condition was operationalized by each wife’s rank in the
marriage, and this test was simply a test of the sex ratio at birth. Lower ranking cowives,
on average, produced significantly more daughters than sons. Higher ranking cowives, on
the other hand, tended to produce more sons than daughters (Pollet et al., 2009).
A study of nineteenth century polygynous marriages among Mormon pioneers
yielded a sex-ratio bias toward male sons when mothers married above their social status
(Mealey & Mackey, 1990). Social status in this case referred to the husband’s (or
father’s) ranking within the church: higher ranking church members were considered to
be of higher social status. When wife ranking was compared within marriages, the
highest-ranking wives originating from the highest-ranking families produced nearly
equal numbers of sons and daughters. However, lower ranking cowives who married a
higher-ranking husband produced significantly more sons compared to daughters, while
the opposite held true for lower ranking wives and wives married to lower ranking
husbands (Mealey & Mackey, 1990).
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Patterns of inheritance can also indicate sex bias, although it is sometimes
difficult to differentiate cultural tradition (e.g., laws of primogeniture) from true sexbiased investment. In their analysis of primogeniture patterns, Hrdy and Judge (1993)
theorized that inheritance patterns changed as a result of ecological context, wherein
family size decreased as land become less valuable. Hrdy and Judge note that throughout
human history, there has been a very real threat of what they call lineage extinction,
wherein adults die having either produced no heirs or their heirs have died without
producing grandchildren. Son bias in inheritance could be a way to circumvent lineage
extinction, as it shifts all resources to the one child with the greatest reproductive
potential (Hrdy & Judge, 1993). A specific modern case in Vancouver is also discussed,
wherein those parents whose estates are large left more money to their sons, and those
parents whose estates are small left more money to their daughters (Hrdy & Judge, 1993).
Among Gabbra pastoralists, camels are given as brideprice at marriage.
Traditionally, the family of the bride is given three camels. The family will keep two and
give one to a maternal uncle. In addition to the brideprice, parents must also give sons the
necessary livestock to start their own herds. Some brides may bring in their own sheep
and goats, but not always. A daughter, then, is less expensive to marry off than a son. A
study of Gabbra inheritance patterns shows that for sons, the issue is less about whether
he has female siblings, but more about whether he has older male siblings (Mace, 1996).
Thus, the conclusion is that birth order, not child sex, has a greater effect on reproductive
success (Mace, 1996).
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Maternal Health, Breastfeeding, and Sex-Bias
Female reproduction in humans is highly sensitive to energetic consumption and
expenditure. If the Trivers-Willard Hypothesis holds true, we should see that mothers
with greater energetic consumption and mothers who are in better health over all have
more sons than daughters. A meta-analysis by Cameron (2004) that combined multiple
mammalian species, excluding humans, suggests that the female body has a mechanism
by which it facilitates the sex ratio. First, Cameron’s meta-analysis suggests that
facultative adjustment of the sex ratio takes place close to conception and implantation.
This seems logical given that gestation is a major draw on physical health and entails
substantial energetic costs, so it would be in the organism’s best interest to restrict
investment in the less favored sex as much as possible. Second, Cameron suggests that
glucose levels are the mechanism by which the body favors male blastocyst production,
as those mothers in greater physical health tend to have higher glucose levels. Cameron
does provide some evidence that glucose is detrimental to the production of the female
blastocyst; she cites a study on bovine embryo production by Larson in which glucose
prevented the ability of the female blastocyst from further division (Cameron, 2004).
There is some evidence of sex ratio bias at birth among humans that supports the
Trivers-Willard Hypothesis. For example, mothers in rural Ethiopia were more likely to
have produced a son at their most recent birth if they also had greater mid-arm muscle
mass (as a proxy for overall arm strength) and a higher body-mass index compared to
their counterparts (Gibson & Mace, 2003).
Inter-birth interval is an adequate measure of maternal investment. Among
Gabbra pastoralists, for example, mothers who have never produced a son have shorter
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inter-birth intervals than mothers who have produced at least one son. Birth intervals are
also longer after the birth of a son than they are after the birth of a daughter, suggesting
that where sons offer greater reproductive potential, mothers purposely drive their
reproduction toward producing males (Sear & Mace, 1997).
In natural fertility populations, the frequency and duration of breastfeeding is an
adequate measure of maternal investment (Ellison, 1995; Quinlan, Quinlan, & Finn,
2003). Lactation is an obligate investment where there is no access to infant formula.
Furthermore, the interaction between lactational amenorrhea and caloric intake means
that many times, continuing to breastfeed, or continuing to breastfeed at high intensity,
reduces the chance of conceiving another child. Lactation therefore presents a trade-off:
continue to breastfeed for a longer time for a healthier child, or reduce breastfeeding
duration and risk the health of the child, but increase the potential of producing another
child.
Fujita (2012a, 2012b) performed two tests of sex-biased investment in a droughtridden area of Northern Kenya. The first test did not test any specific biological measures
of maternal condition, such as BMI, but did collect breast milk samples to measure fat
content as a measure of maternal investment. It was found that mothers breastfed male
and female infants for equal durations, but had a higher fat concentration for daughters
(Fujita, 2012a). The second test operationalized maternal condition through blood serum
vitamin levels, and the results were consistent with the predictions of the Trivers-Willard
Hypothesis. Mothers with low blood serum vitamin A had longer breastfeeding durations
or their daughters, and also had a higher fat concentration in their milk (Fujita, 2012b).
As a critique of this study, however, it should be noted, that breast milk samples were
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only collected at one point each day. Breast milk composition fluctuates throughout the
day and can vary based on the mother’s daily energetic consumption and output, as well
as in response to infant growth and immune demands. A better method would have
included the collection of breastmilk at multiple points in the day, across multiple days,
to account for variability.
Wander and Mattison (2013) analyzed age at weaning among breastfeeding
mothers in Kilimanjaro. Comparing mothers of varying socioeconomic status and their
children, they found that sons of lower socioeconomic status and daughters of higher
socioeconomic status were more likely to be weaned before the two-year mark than were
their counterparts. Early birth order and higher weight at birth reduced the likelihood of
early weaning for all groups; the authors attribute this to a life history effect in which
investment in offspring is increased as the mother ages and her potential for producing
more children decreases (Wander & Mattison, 2013). Furthermore, Wander and Mattison
note the differences between their study population and those studied by Cronk (1989)
and Fujita (2012). This population is relatively well fed and live in a fertile and
productive agricultural area, but exhibit Trivers-Willard effects that are consistent with
poverty stricken areas.
Analyzing the breastfeeding histories of 101 children in a horticultural village in
the Commonwealth of Dominica, Quinlan, et al. (2003) identified the various reasons that
mothers gave for weaning their children. While most mothers stated that they reduced or
quit breastfeeding because it disrupted their work, others stated that an insufficient milk
supply was the reason. Duration of breastfeeding was moderately positively correlated
with mother’s age (consistent with the life history theory that maternal investment
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increases as fertility decreases across the lifespan), but no significant sex differences in
weaning age were present. Of eight total predictions related to the effect of maternal
condition on offspring investment, the only prediction that yielded supporting results was
that father presence was correlated with longer breastfeeding duration, but again, no
significant differences in sex were found, thus failing to support the predictions of the
Trivers Willard Hypothesis. The authors conclude that breastfeeding may not be as strong
a predictor of parental investment as has previously been suggested; however, they are
also quick to note the limitations of utilizing this particular study population to test the
predictions.
Maternal Condition and Offspring Investment in a Modernized Population
Measuring the variables of interest in testing the Trivers-Willard Hypothesis—
i.e., maternal condition and investment in offspring—in any human population is
challenging, as condition is comprised of many different aspects of physical, mental,
economic, and social health, and variation in cultural parenting tactics can influence the
ways we perceive and interpret investment. These challenges are amplified in large
populations such as the United States, in which there is vast inequality in income and
living standards and many different cultural, linguistic, and ethnic traditions existing side
by side. When looking at the U.S. population, for example, some health variables that are
commonly used to determine maternal condition in tests of the Trivers-Willard
Hypothesis are uninformative or misleading. It’s no use trying to use BMI as a linear
measure of condition or predictor of investment when the national waistline is
approaching the size of a hula hoop. In the same vein, using large-scale demographic data
to assess investment may be inadequate. Census data is often incomplete and may be
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skewed based on which household member responded to the questionnaire. Furthermore,
many census databases do not report data in a manner that is conducive to testing the
Trivers-Willard Hypothesis. For example, the Center for Disease Control’s National
Survey of Family Growth (CDC, 2016) categorizes mothers based on marital status as
“married,” “divorced,” “separated,” “widowed,” or “unmarried.” Such categorization
fails to distinguish between mothers who have a long-term, live in partner (a relevant
measure of social and economic support) and those who do not, irrespective of legal
marriage status.
Possibly in part due to such difficulties, tests of the Trivers-Willard Hypothesis in
the United States have yielded very mixed results. One of the first studies in North
America was conducted by Gaulin and Robbins (1989). At that time, there was little
comparative literature on the Trivers-Willard Hypothesis in North-America, or any postindustrialized society. Gaulin and Robbins used census data responses to design 14 tests
of maternal investment. Because maternal investment has a stronger biological
component, Gaulin and Robbins did not test paternal investment. Of the 14 tests, only
five showed support for their hypotheses; all of the statistically significant tests dealt with
either breastfeeding duration or inter-birth interval. Further statistical tests showed that it
was unlikely that a Type 1 error was made, and that it was unlikely that any these five
tests would incorrectly show significance (Gaulin & Robbins, 1989).
Almond and Edlund (2007) found supporting evidence for the Hypothesis when
they analyzed eight years’ worth of data from the United States Center for Disease
Control’s National Center for Health Statistics. The variables tested in their paper
consisted of infant mortality rates, mother’s educational and marital status, and whether
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or not a father was present in the home. They found that married women and women with
higher educational status were more likely to give birth to boys, and that having a mother
in good social condition (regardless of age) was correlated with a reduction in mortality
for boys. The largest flaw in this study is that they used only white women as their
sample, although the disproportionally lower educational and social outcomes for
minority women may have helped strengthen their study.
Keller, Nesse, and Hofferth (2001) argued that in testing the Trivers-Willard
Hypothesis in human populations, it is vital to focus on resource allocation bias and not
just sex-ratio bias, as humans do the majority of their parental investment post-gestation.
Using self-reports of time and resource allocation from a longitudinal income study,
Keller et al. tested the effects of status on parental investment in a sample of over 3,600
children. Condition was operationalized through parental income, parental education, and
whether or not the father was in the home. Investment was operationalized via time spent
with the child and through the researcher’s perception of the parent’s warmth toward the
child. Additional measures or child outcome were also collected. Of their 36 possible
regression analyses, few showed any support for their prediction. Additional analyses
were made in an attempt to address what appeared to be error in test choice; these also
yielded no significant findings. The paper leaves the reader with two possible
conclusions: 1) that the Trivers-Willard Hypothesis is not present in all human groups, or
2) that the Trivers-Willard Hypothesis is not supported.
Freese and Powell (2001) sought to replicate a study done by Kanazawa and Still
in 2001, testing sex-biased investment based on variation in father’s education. They
found no evidence of such an effect, and further found that parents reported that they did
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not differentially discuss college with their sons and daughters. However, Freese and
Powell did not test any measure specifically of maternal condition, either in terms of
mother’s own educational attainment, health, or economic status. This study is an
example of poorly applying the Trivers-Willard Hypothesis. The authors chose one fairly
weak measure of parental condition, found no support for their hypothesis, and inferred
that a Trivers-Willard effect was not present in the United States.
A test of mothers of infants in Tucson, Arizona found that mothers with lower
income and lower paternal commitment expressed a preference for larger female infant
body shapes than male infant body shapes, but only when the income variable used was
dichotomized (Davis, Guggenheim, Figueredo, & Locke, 2006). Furthermore, when
participants’ own infant’s weight was compared to the ideal indicated by their
preferences using line drawings it was found, not surprisingly, that mother’s stated
preferences tended to be correlated with the shape of their own baby, suggesting that
lower income mothers indeed produced larger female infants while higher income
mothers produced larger male infants. This is one of the few studies done in the United
States that does not rely on a large-scale database, but instead recruited participants from
the local community.
Perhaps the most prolific researcher on sex-biased investment in the United States
is Hopcroft (2005, 2015, 2016), who has regularly argued that educational attainment is
the greatest factor in American parental investment (Hopcroft and Martin 2014).
Analyzing multiple academic records along with census data, Hopcroft has argued that
sons of high status fathers attain greater academic achievements (measured in both test
scores and degree status) than do daughters of high status fathers. While she does point
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out the American emphasis on education, Hopcroft routinely mistakes higher educational
attainment with higher investment in children (see Hopcroft 2005; Hopcroft and Martin,
2014), conflating the input (time and money) with the product (higher educational
attainment).
Cameron and Dalerum (2009) conducted an interesting and novel approach to
testing the Trivers-Willard Hypothesis. Where others have focused on poverty stricken
areas or relied on broad census data, Cameron and Dalerum investigated the number of
children produced by male and female billionaires. Where the data was available for
multiple generations (i.e., families with inherited wealth), the authors found that, on
average, billionaires had more grandchildren and great-grandchildren through their sons
than their daughters. Furthermore, when compared to global averages, billionaires
produced more sons than daughters overall. These results held constant across cultures,
suggesting that there is a mechanism that favors the production of sons in those in the
highest socio-economic rank.
Evidence from Mathematical Models
Veller, Haig, and Nowak (2016) recently constructed two models of the
Hypothesis to determine the difference between the facets of the Hypothesis. They argue
that there are actually two distinct versions of the Hypothesis: a sex ratio version and a
biased investment version. Using mathematical modeling, they created an optimal
threshold model for each version. For the sex ratio version, the model holds constant
under most conditions, while the biased investment model can fail in contexts in which
the mother has one son and one daughter of the same age. In this context, the model
shows that no matter the condition of the mother, the reproductive returns will always
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favor biasing investment toward the male child. While this model proves fascinating in
theoretical terms, the authors note that there may be an issue with the validity of the
model in terms of reality (Veller et al., 2016).
Another model has suggested that the Trivers-Willard Hypothesis does not hold
without analyzing potential changes in maternal life history (Schindler et al., 2015).
These authors suggest that simply correlating condition with the sex ratio is insufficient
to uncover Trivers-Willard effects, and that it is necessary to also include in the model all
of the changes that occur across the life span that could influence the mother’s
reproduction. The constructs underlying this model are that reproductive success varies
with ecological contexts, and that reproductive variance is sensitive to changing
ecological conditions.
The Generalized Trivers-Willard Hypothesis
Kanazawa has argued for an extension of the Trivers-Willard Hypothesis that
includes the idea that if parents have a specific trait that increases the reproductive
success of males, the sex ratio should be biased toward males. The same should be true
for female reproductive success. Kanazawa calls this the “Generalized Trivers-Willard
Hypothesis.” As specific phenotypic traits can increase mating potential, Kanazawa
suggests that parents with those traits will bias their investment toward the sex that will
benefit most from inheriting it. In his first paper on the subject, Kanazawa provides
evidence that suggests that tall parents produce more sons, as taller men tend to have
greater reproductive success than their shorter counterparts (Kanazawa, 2005). A later
paper suggests that women who are survivors of domestic abuse produced more sons than
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daughters, and suggests that a male tendency toward violence and aggression, while
detrimental in this aspect, can increase male reproductive success (Kanazawa, 2006).
On the opposite side, Kanazawa examined children of beautiful parents and
found that they produced more daughters than sons, suggesting that beauty is a trait that
benefits female reproductive success (Kanazawa, 2007). However, a fundamental flaw is
apparent in Kanazawa’s methodology. Kanazawa relied on a longitudinal database of
adolescent health that followed adolescents into their late twenties. This database asks the
respondent to rate their own attractiveness and provides no measure of objective
attractiveness. At most, Kanazawa’s study only provides evidence that parents who rated
themselves as more attractive than their peers at the time the survey was conducted
produced, on average, more daughters than sons.
The Generalized Trivers-Willard Hypothesis has been extensively criticized.
Cronk (2007) notes that while Kanazawa’s findings are interesting, they are neither
indicative of a Trivers-Willard effect nor do they support Trivers’s Parental Investment
Theory. Kanazawa’s methodology, statistical analysis, and conclusions have also been
heavily criticized (Denny, 2008; Gelman, 2007). Pollet and Nettle (2010) conducted a
replication study on the sex ratio of children of big and tall parents in two very different
populations (Great Britain and rural Guatemala) and found no evidence supporting
Kanazawa’s claims. Furthermore, the theoretical basis for the generalized Trivers-Willard
Hypothesis in and of itself has been called into question, as it excludes environmental
context (Rickard, 2008).
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Conclusions
The Trivers-Willard Hypothesis has been studied by a broad range of researchers
from multiple backgrounds, including anthropology, biology, evolutionary psychology,
economics, and sociology. The hypothesis as it relates to humans is not specific; in fact,
in the two short pages that encompass the paper, Trivers and Willard dedicate only one
small paragraph to the application of the Hypothesis to humans. That the data are so
mixed and yield such different results is not surprising, as the lack of specificity opens
the Hypothesis up to a multitude of interpretations. A lack of specificity has also lead to a
myriad of ways in which condition and investment are operationalized.
The application of the Hypothesis to modernized populations, which exhibit
tremendous variation in cultural and socioeconomic characteristics, has been problematic.
In the next chapter, I will focus on the concept of assortative mating—or how mates are
actually chosen—and its relevance to the Trivers-Willard Hypothesis.
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CHAPTER 3
ASSORTATIVE MATING
“Your love is one in a million, you couldn’t buy it at any price. But of the 9.999 hundred
thousand other loves, statistically, some of them would be equally nice”
Tim Minchin, “If I Didn’t Have You”
The assortative mating evidence suggests that it is reasonable to assume that on
average, the children of our study population will marry and produce children with
individuals who are of similar backgrounds to themselves. Assortative mating refers to a
pattern of non-random mate selection and is present in a positive and negative form.
Positive assortative mating refers to mating with a partner who is similar to oneself for a
given trait, while negative assortative mating refers to mating with a partner who is
different. The literature on the subject suggests that there are some stronger, nearly
universal measures of assortative mating, and multiple smaller measures that come into
play with differences in personality and mental health. The term social homogamy is used
interchangeably with assortative mating in many sociological studies, but for the
purposes of this study, we will retain the term assortative mating.
That people choose mates in predictable ways is no novel idea. The theory of
sexual selection, first hypothesized by Darwin (1871) states that mates are chosen for
desirable traits, and that those individuals with the most prominent of the desired traits
will have greater mating success. Thus, these individuals have a greater chance of
reproducing and passing on their traits to their offspring, who in turn will share in their
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parents’ success. Some traits have no beneficial function outside of mate attraction;
consider the glorious sniffer of the male proboscis monkey or the eye catching, turquoise
posterior of his cousin the mandrill. That such vibrant species also tend to be sexually
dimorphic or dichromatic should also come as no surprise. As discussed in the
introductory chapter, the sex with the smaller gamete and lower obligate investment (the
male) tends to be more competitive, which the sex with the larger gamete and greater
obligate investment (female) tends to be more selective. Thus, it can be to the greatest
benefit of the male to have those characteristics that attract females, whether it is a
cooperative disposition or an aqua-marine colored rump.
Assortment studies generally follow a field specific pattern; however, there is
some overlap in the perspectives taken in studies of personality, mental health, and
similarity of values. In general, sociological studies have focused on similarities in
demographic characteristics in large-scale, Western populations. Social psychology
studies have focused on personality and mental health. Evolutionary (anthropological and
psychological) perspectives tend to approach the subject in terms of mate choice as an
adaptive function, physical attractiveness, and similarity of social status.
Certain measures of assortment show more strength than others. Proximity has
been shown to be the strongest measure of mate choice (Botwin, Buss, & Shackleford,
1997; Vanderberg, 1972). In the same vein, similarity in culture, language, and religious
beliefs tend to be strong measures of assortment. An in-depth analysis of the literature on
these measures will be provided in the following section. In examining the available
literature, it should be noted that the proportion of studies done in non-Westernized or
post-industrial populations is small compared to the proportion of large scale studies. It is
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possible that this is again the result of a reliance on large scale databases, but it could also
be the result of a greater interest in assortment in sociology and social psychology, both
fields that tend to restrict their research to large scale populations Furthermore, to
examine a trend in assortment, longitudinal data with large sample sizes yield stronger
results, and this type of study may be less practical for the anthropologist who can only
collect field data once a season and over the span of a single career. For example, the
largest study on educational assortment (Mare, 1991) examines over five decades of data,
information to which the anthropologist studying a non-Western population rarely has
access.
For the purpose of this chapter, the literature on assortative mating will not be
sorted into field-specific taxa, but rather into generalized topical groups. Three major
categories will be discussed: proximity, or location; education and occupational
prospects; and cultural similarity, which can include language, religious similarity,
political affiliation, child-rearing, and shared values. Two other categories (mental health
and personality), though less relevant to the study topic at hand, will be discussed
because of their relevance to the assortative mating literature in general.
Assortative Mating and the Trivers-Willard Hypothesis
As argued in the previous two chapters, the Trivers-Willard Hypothesis cannot be
tested in a heterogeneous, modernized population by lumping all residents together into a
single group. What many have attempted to do collapses all residents into dichotomous
categories of high and low, which effectively negates population variability and forces
any Trivers-Willard effects to wash out.
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Figure 1 represents a heterogeneous population. Condition is represented in each
family as the number of dollar signs and happy faces, which serve to represent resource
availability and social status. Four families of varying condition have been drawn. All
families have three children.

Figure 1. Heterogenous population with families of varying condition. Each family has
three children.
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Figure 2 represents the way the Trivers-Willard Hypothesis has traditionally been
tested. The families have been sorted into one of two groups, either greater or worse
condition. Within group variability is not accounted for. The families in each group are
added together, and a comparison of the offspring sex ratio is made. If Trivers-Willard
effects are present, they will essentially wash out.

Figure 2. Unnuanced test of the Trivers-Willard Hypothesis. Collapsing the families
together creates an even sex ratio for both high and low condition groups. Any
Trivers-Willard effects that were present have washed out.
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Figure 3 represents the Trivers-Willard Hypothesis where assortative mating is
assumed. Within group comparisons are made based on a likely mating population. Those
in better condition relative to their mating population have more male children, while
those in worse condition relative to their mating population have more female children.

Figure 3. Ecologically valid reproductive subsamples. When residents are sorted into
appropriate mating populations, Trivers-Willard effects are more apparent. Those in
better condition in either group have more male children, while those in worse condition
in either group have more female children.

The next step in testing the Trivers-Willard Hypothesis in this manner is to
determine the factors that realistically come into play in human mate choice. There is
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ample evidence that propinquity, cultural and ethnic similarity, and similarity of
education and income opportunity are factors that contribute to mate choice among in the
United States, likely other modernized populations are well. The following section will
review these three categories of mate choice and provide evidence of their strength.
Propinquity
In examining how men and women may desire similarity in mates, Botwin, Buss,
and Shackleford (1997) note that propinquity is the greatest causal predictor of
assortment, stating that, “Regardless of conceptions of romantic love, the ‘one and only’
typically lives within driving distance.” Propinquity is a fairly obvious factor in mate
choice from an evolutionary perspective, considering that for the largest part of human
history, and with the exception of those in the highest social classes, one’s mate would
generally be chosen from a pool of people within walking distance.
Vandenberg (1974) separates propinquity into two categories: geographical and
neighborhood proximity. Geographical propinquity refers to a preference for a partner
who was born nearby, but not within a specific neighborhood. This is related more
closely to overall cultural similarity and less to fine measurements of similarity. During
the 20th century, partners were generally born within a range of 40-110 miles of each
other (Vandenburg, 1974). Neighborhood propinquity is related to a similarity in
socioeconomic status, and is less about the specific street one was raised in and more
about the type of home, quality of school, and household income one was raised in. An
extension of this in terms of education shows that partners are not chosen because they
went to the same school, but because they went to a school of similar quality (Stevens,
1991).
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Education and Earning Potential
Educational attainment is an easy to define gross measure of maternal condition,
and there is substantial evidence that education is a strong factor in mate choice. As
education and income are positively correlated (Mare, 1991), it is reasonable to assume
that education will be a strong factor in defining population lines for this project. The
literature on educational assortative mating is possible thanks to a history of longitudinal
data and American census data. Information regarding highest educational level achieved,
age at marriage, and income are regularly collected from both partners. A caveat should
be made on the papers listed below, as they all limited their analysis to white, American
women. This is likely not a reflection on the authors, but a reflection of pre-1980s census
data collection that systematically excluded minorities or included them in such small
numbers that the authors could not obtain a large enough sample size for analysis. It
should also be noted first that educational assortative mating is affected by the
educational composition of the local population. When the population is similar in
educational level, the chances of marrying someone of lower educational attainment is
lower, while the inverse is true for populations of mixed composition (Lewis &
Oppenheimer, 2000).
As education has become a greater requirement for employment, and as women
have entered the work force, assortative mating for educational level has changed. Mare
(1991) analyzed five decades’ worth of educational and marriage data in the United
States. He found that educational assortment is dependent on the length of time between
the end of education and the age of marriage. When the length of time between education
and marriage is higher, the association between partners’ education level decreases.
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When it is shorter, the association decreases (Mare, 1991). Mare suggests that this could
be due to women’s increased role in the work force, as well as a desire for higher
educational attainment for offspring.
The lives of women who have higher educational attainment improve upon
marriage to a partner with a similar educational background. These women tend to earn
more and work fewer hours per week than women with a high school diploma or less,
likely because of the earning potential of a partner with a higher educational level
(Pencavel, 1998). This holds most true for white women in the United States (Sweeney &
Cancian 2004), although the data have not been analyzed for over a decade and increased
access to higher education and greater employment opportunities is likely to have
increased this effect for minority women as well.
Contrary to Mare’s (1991) conclusions, women’s employment opportunities
increase, rather than decrease, likelihood of marriage and cohabitation as well as the
likelihood that women will marry a partner with a similar educational background (Qian,
1998). However, Qian has also shown that this effect is only constant when the partners
are matched in age: older men are more likely than women to marry a partner with a
lower educational attainment if that partner is also considerably younger than he is (Qian,
1998).
Cultural and Ethnic Similarity
Surprisingly, there are few studies that focus specifically on assortative mating for
cultural or ethnic similarity. We know that people positively sort for phenotypic
similarity (Heath, 1985; Spuhler, 1989), but whether that extends to obvious cues of
ethnic similarity (e.g., skin tone) is less clear. Kalmjin (1994) and Schwartz (2013) have
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both noted that there is variety in skin tone preferences, and that there is little difference
in overall marital satisfaction between similarly toned partners and differently toned
partners.
The United States has not collected data on post-migration marriages since 1980
(Chiswick & Houseworth, 2010), so it is difficult to tell if there have been changes in
inter-cultural marriage trends since then. Marriages of migrants to native residents
increase with the duration of residency in the United States, and also increase the younger
the age of arrival (Chiswick & Houseworth, 2010). This suggests that increased
knowledge of and experience in the native culture also increases the chances of intercultural marriage.
Cultural similarity may be a stronger factor in mate choice than economic
prospects (Kalmjin, 1994). Values and beliefs (including morality, religion, norms,
taboos, etc.) can all be subsumed under an umbrella of cultural similarity, so it may be
that cultural similarity is a fast cue to shared values. While there are fewer studies
focusing on cultural similarity as a gross measurement of assortative mating, there are a
myriad of studies that focus on fine measurements of shared values. For example,
political affiliation is a strong positive factor in mate choice (Kandler, Bleidorn, &
Riemann, 2012; Watson, Klohnen, Casillas, Simms, Haig, & Berry, 2004). Another
example is religious similarity, which has been shown to be more salient than personality
or intelligence (Buss, 1984; Watson et al., 2004). Expectations for child-rearing and
desire to have children is yet another example (Buss, 1984).
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Personality
Where education and employment are relatively new to the human species,
personality differences may have affected mate choice throughout human history. This is
why the topic attracts evolutionary psychologists, who seek to understand how evolution
has affected the mechanisms of the human mind. Mate preferences do have some
universality across cultures. Buss (1989) has shown that there are some factors that
appear regularly in cross-cultural comparison: men value younger women, while women
seem to value older men; women value earning potential; and both men and women value
physical attractiveness. Where mate preferences have evolved, preferences in personality
are likely to have followed. Buss and Barnes (1986) were some of the first to have
examined personality preferences from an evolutionary perspective. The authors
presented two studies that use both pre-existing and new indexes of personality. The first
included 92 married couples, while the second included 100 married couples. The factors
found most preferred in personality were as follows: good companion, considerate,
honest, affectionate, dependable, intelligent, kind, understanding, interesting to talk to,
and loyal (Buss & Barnes, 1986).
We should ask if there is there a discrepancy between what people express they
prefer in a mate and what they actually get. Buss (1985, 1989; Buss & Barnes, 1986) has
shown that there is considerable evidence that people positively assort for similarity of
personality. Building on this, marriage satisfaction ratings suggest that satisfaction is
dependent on obtaining a partner who has the expressed preferred personality
characteristics (Botwin, Buss, & Shackleford, 1997). It has been further suggested that
personality changes throughout life are affected by mate choice, and that continuity of
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personality is affected by choosing a partner with a similar disposition (Caspi &
Herbener, 1990).
Is ZIP Code a Valid Proxy for a Mating Population?
The strongest factors in assortative mating are propinquity, cultural similarity, and
education and economic opportunities. Similarity of personality also plays a role in mate
choice, although it is more likely to be a fine measurement of assortative mating. But
how does our test of the Trivers-Willard Hypothesis relate to the information we know
about the ways that people choose partners? Demographic data available for our chosen
study population indicate that there are population differences between the four ZIP
Codes that comprise the city of Fullerton. The assortative mating literature presented
above indicates that people within those ZIP Codes should produce children with
someone from a similar cultural, education, and regional background.
City Data (2016) provides demographic data by ZIP Code per city. Specific
demographic features are listed in Table 1. We have chosen to study differences in
offspring investment in the city of Fullerton, as it is a diverse city that displays clustering
of socioeconomic traits. There are discrepancies between the median income level,
especially regarding ZIP Code 92835. The majority ethnic background and percentage of
residents who rent their homes (as opposed to ownership) also varies across the ZIP
Codes. There appears to be a discrepancy in ZIP Code 92831, as it has the highest
percentage of people living below the poverty and second highest percentage of residents
who hold a bachelor’s degree. There is a logical explanation for this in that the university,
which boasts nearly 40,000 students, is located in 92831. The increase in the poverty
level may be the result of students living near the school.
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Table 1. Fullerton Demographics by ZIP Code

Average Income
Majority Ethnic Background
Percent Bachelor’s Degree
Percent of Residents Who Rent
Median Home Value
Percent Residents Below Poverty

92831

92832

92833

92835

$62,216

$59,754

$59,547

$105,364

White

Hispanic

Hispanic/Asian

White

28.3

17.3

25.9

49.8

57

59

39

29

$444,100

$646,200

16.6

7.3

$465,900 $391,400
20

17.3

The next chapters will address the methods we used in creating our index of
maternal condition, including the pilot study that was conducted to determine how factors
of maternal condition hang together. The literature presented in this chapter and the
previous chapter has given us enough ample evidence that using ZIP Code will be an
adequate method for sorting the sample into sub-populations. Statistical analyses to
confirm this assumption was conducted; these will be presented in the Chapter 5 with the
results of our test of the Trivers-Willard Hypothesis.
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CHAPTER 4
METHODS PART 1: SOCIAL CONDITION PILOT STUDY
In testing the Trivers-Willard Hypothesis, two main methodological hurdles had
to be overcome. The first involved the ambiguity of maternal condition and the second
involved the reliance on large-scale databases that treat the population as a single,
undifferentiated population. We have already addressed the second hurdle in Chapters 2
and 3; this chapter will focus on the issue of maternal social condition, how it can be
operationalized, and how we used a pilot study of mothers to inform us about the factors
that contribute to maternal condition.
Why Is Social Condition So Important?
Parental condition in humans must be measured in a multi-faceted manner that
accounts for relative physical, economic, and social condition. (Cronk, 2007; Davis et al.,
2006; Sieff, 1991). Broadly speaking, maternal condition in any species is comprised of
three components. The first component is her physical condition, which broadly refers to
aspects of her health. The second component is what we will refer to as her economic
condition, and refers to her ability to acquire resource for herself and her children. The
third component, social condition, is not as relevant for non-social species. But for
humans and other social species, a measure of a mother’s social standing likely carries as
much weight as her physical and economic prospects. Furthermore, there are likely to be
multiple interactions between one’s social, physical, and economic condition.
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The Effects of Social Condition on Physical Health and Reproduction
The effects of social standing on physical or economic prospects vary with social
complexity, social mobility, and the stability of the social hierarchy. Sapolsky (2005) has
noted that for non-human primates that live in dominance hierarchies, when the group
hierarchy is stable, it is those on the lowest rungs who experience the greatest
physiological effects of stress. When the group is in transition and when there is a
challenge for dominance, it is those at the top who experience the greatest physiological
effects of stress. These effects can include: higher production of stress hormones (e.g.,
cortisol), reduced immune function, hypertension, and reduced reproductive function
(Sapolsky, 2005).
As social condition relates to reproductive outcomes, there are differing outcomes
for males and females. For males, social condition is more closely related to mating
effort. Even though males of higher social rank may experience greater physiological
stress symptoms in maintaining their rank, they have greater opportunities for mating
events and may have greater reproductive success. Such is the case for most male great
apes. Dominant male chimpanzees have greater mating opportunities than subordinate
males, silverback gorillas have near exclusive mating rights to harem females, and
flanged male orangutans have greater mating opportunities without forced copulation
While these are over-simplifications of complex mating practices by species, they
indicate that, in general, higher social status is associated with greater mating
opportunity.
For females, social condition is more closely related to parenting effort and the
ability to acquire resources for offspring. In some species, female rank is inherited and
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has less variability across the lifespan. As a result of unequal access to nutrient-dense
resources, for example, lower ranking Chacma baboon females have greater inter-birth
intervals, lower infant body-mass index, and greater infant mortality, and thus have
lowered life-time reproductive success compared to higher ranking females, despite
having similar mating opportunities (Johnson, 2002).
Determining Social Condition in Humans
What is the interaction of social condition on physical and economic health in
humans? Sapolsky (2005) notes that those in lower socioeconomic groups have higher
incidence of obesity, heart disease, and diabetes, as well as greater incidences of
alcoholism and smoking. Sapolsky goes on to note that these effects are not necessarily a
direct result of poverty itself, but are rather the result of income inequality. Sapolsky’s
(2005) words say it best: “In other words, feeling poor might be at the core of why being
poor predicts poor health” (p. 652).
The effects of poverty on maternal condition may be buffered by kin network
size. A study of nearly 2,000 impoverished Mexican families suggests that mothers who
have greater kin support have children with greater health outcomes, even though the
children have relatively poor access to medical care (Kana’iaupuni, Donato, ThompsonColon, & Stainback, 2005). Another study that compared the kin networks of single,
disadvantaged African-American mothers and single, disadvantaged white mothers
suggests that African-American mothers are in greater social health because of the
willingness of African-American grandparents to care for their grandchildren, giving the
mothers much needed economic relief (Hogan, Hao, & Parish, 1990).
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Economic condition is fairly easy to measure in modernized human groups.
Annual income, home ownership, debt, and percentage above the national poverty
guidelines are objective measures of economics. Health problems are clear and objective
negative markers of physical condition, just as nutritional status can be clear and
objective positive markers. Determining objective markers for social condition is a more
daunting challenge. As shown in Chapter 2, there is considerable variation in the ways
that social condition has been operationalized, ranging from co-wife status (Pollet et al.,
2009) to paternal income (Hopcroft, 2004; Hopcroft & Martin, 2014), to mother’s marital
status (Almond & Edlund, 2007), to paternal education (Hopcroft, 2004; Hopcroft&
Martin, 2014; Freese & Powell, 2001). We see this variation as a result of different things
being relevant in different academic and ecological contexts, and because of this there is
no standardized metric by which maternal social condition can be operationalized.
The city of Fullerton, where we planned to conduct our final study, is
economically diverse. But as we have shown above, economic status alone cannot serve
as a marker of maternal condition. The issue we saw in testing our hypotheses was that
we did not have an instrument that measured maternal condition that a) did not create
unreasonable time constraints on our study population and b) adequately measured
individual social standing along with maternal health and financial well-being. We have
attempted to mitigate this problem through a pilot study that sought to identify the factors
that contribute to social condition in this population.
Social Condition Pilot Study
We conducted a pilot survey based on three key areas that would indicate forms
of social support: economic aid, child care aid, and longer term aid. Secondary goals of
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the pilot were to determine a) the average number of children we were likely to encounter
among Fullerton mothers, and b) an estimate of how many people in each social domain
(family, friend, neighbor, paid assistant, etc.) Fullerton mothers were likely to rely upon
for assistance. These areas of aid (economic, child-care, and longer-term) are not
necessarily mutually exclusive. Some individuals may have greater support in one area
than in others, while others may have equal support across areas. Greater variation
between responses was assumed to be representative of greater variation in maternal
support. A full description of these three forms of social support is listed below.
Participants were recruited via social media and Amazon Mechanical Turk. The
participants were required to be the mother of a child under the age of 18. Age was
restricted because the test of the Hypothesis was to be restricted to mothers of elementary
school-aged children. Mothers of step and foster children were included. As the purpose
of the project was to understand maternal investment, fathers were excluded from the
pilot study. Of the 63 women who participated, eight were excluded from analysis
because they indicated that they were neither biological, step, nor foster mothers, and
four were excluded for not finishing the study. The median participant age was 37. For
brevity, only key demographic data was collected in the pilot. These included marital
status, income, employment and education status, and household size.
Economic Aid
Mothers were asked to list the number of people in four categories on whom they
could potentially rely on for financial assistance: family, friends, neighbors, and church
or community members. The question was asked in terms of, “If you could not pay your
rent or mortgage for a month, how many people in each of the following categories
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would be willing to loan you money?” Economic aid availability was distinguished as an
area apart from child care aid and longer term aid to account for variability in domains;
that is, the person one may rely on for financial assistance may not be the same person
relied on for child care assistance. When asked who they would be most likely to rely on,
an overwhelming percentage (60%) chose family. Descriptive statistics are provided in
Table 2.
Table 2. Descriptive Statistics for Economic Aid
N

Median

SD

Family Members

47

2

1.655

Friends

38

1

.854

0

0

0

31

0

3.683*

Neighbors
Community Member

N: Total number of participants who responded to the question.
*One participant indicated that she had over 20 community members on whom she could
rely on for financial assistance.
Child Care Aid
Mothers were asked to list the number of people in five categories on whom they
could rely for immediate child care. In addition to the categories given for economic aid
(family, friend, neighbor, or church or community member), we added a category for
paid babysitter. This question was asked in terms of urgency: “If you had an emergency
today, and needed someone to care for your child for several hours right away, how many
people in each of the following categories could you call upon right now?” Again, it was
assumed that there would be variance in the people who are entrusted with child care and
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the people who would be relied on for financial or longer term aid. Descriptive statistics
are provided in Table 3.
Table 3. Descriptive Statistics for Child Care Aid
N

Median

SD

Paid Babysitter

39

1

.818

Family Members

43

2

2.131

Friends

46

2

1.506

Neighbors

40

1

.921

Community Member 33

0

1.957

N: Total number of participants who responded to the question.
Longer Term Aid
Mothers were asked how many people they could rely on in the case of an
emergency that would leave them incapacitated for several weeks: a family member, a
friend, a church or community member, a neighbor, or a paid caretaker. Because both
economic and emergency child care aid of representative of urgent, short term assistance,
we felt it was necessary to have a measure of longer term aid. This is especially relevant
for pregnant mothers, who may rely on external support in the case of a difficult recovery
period after childbirth. This was asked in terms of “If you experienced an accident or
contracted an illness that would impair you for several weeks, how many people in each
of the following categories could you rely on to assist you in your day to day needs for
the duration of that time (several weeks)?” Descriptive statistics are provided in Table 4.
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Table 4. Descriptive Statistics for Longer Term Aid
N

Median

SD

Family Member

44

2

1.757

Friend

42

1

1.125

Neighbor

36

0

.593

Community Member 33

0

1.334

Results of Factor Analysis
We ran a principle components factor analysis in order to determine the
underlying constructs that contribute to maternal condition. We used orthogonal varimax
rotation. This analysis was run on 11 variables and four factors emerged. Because the
median number of individuals available for the variables “economic aid—neighbor” and
“economic aid—community” was 0, these variables were not included in the analysis.
We stress that the results of factor analysis do not suggest any correlation between
variables, but instead allows us to recognize which factors are most noticeable and which
factors can be subsumed by other factors. Thus, the 11 variables tested have been
collapsed into the following four factors. All results are listed in Table 5.
Factor 1: The first factor seems to be related to economic aid and includes the
variables “child care—sitter,” “economic—family,” and “economic—friend”
( = .5070). This factor will be called “economic assistance”. We interpret these results
to mean that a) economic assistance is a strong factor in maternal social condition in our
population and b) that mothers may have someone to rely on for economic aid, but not
necessarily for child care aid and that having child-care support may help buffer against
being poorer in economic and/or physical condition.
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Table 5. Principle Components Factor Analysis
Variable

Factor 1

Factor 2

Factor 3

Factor 4

Sitter

.65721

-.2605

.0041

.1615

Family

.0780

-.0129

.87763

.1209

Friend

.3288

.3991

-.52034

Neighbor

.3265

-.0944

-.64193

.0239

.4501

-.0770

.0775

.70214

Family

-.0189

.3829

.53623

.4684

Friend

-.0712

.91092

.1567

.0301

Neighbor

.1597

.64172

-.2844

.2222

Community

.0415

.2021

.1670

.81084

Family

.82831

.0873

.0656

.2017

Friend

.74381

.4067

-.1470

-.1379

Child Care

.39782

Community
Longer Term

Economic

Shared superscripts indicate related factors in individual columns.
Factor 2: The second factor seems to be related to the availability of nearby, nonkin assistance, and includes the variables “child care—friend,” “longer term—friend” and
“longer term—neighbor” ( = .5342). This factor will be referred to as “friends.” There is
an association between having a greater number of friends available for babysitting
assistance and having a greater number of either a friends or neighbors available for
longer term aid. We interpret this to mean that mothers with a great number of friends
and people who are in close proximity who can help in times of need are in greater
condition than those with fewer friends.
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Factor 3: The third factor is related to the availability and proximity of family and
will be referred to as “family.” It includes the variables “child care—family,” “child
care—neighbor,” and “long term care—family” ( = .6286). There is a negative
association between having family members nearby for assistance and relying instead on
community member. This suggests that mothers are turning to the people in proximity to
them in place of family. Mothers with greater proximity to family that can assist will be
considered to be in greater condition than mothers who have little assisting family
nearby.
Factor 4: Similar to Factor 3, Factor 4 is related to availability of community
networks and includes the variables “child care—friend,” “child care—community,” and
“longer term—community” ( = .7153). This factor will be named “community.” A
reliance on community or church members seems to be negatively associated with having
friends available for assistance. We interpret this to mean that mothers may seek out
community members, such as those at a church or community center, when there are few
family or friends are nearby.
Other Relevant Findings from the Pilot Study
Total family income data was collected categorically in increments of $10,000, up
to the category “$100,000 or more.” After analysis, it was determined that having a
maximum category of “$100,000 or more” made it appear that our participants were
skewed toward extreme wealth (see Figure 4). However, given that the median American
income is $51,939 (Poverty Guidelines, 2014), it is entirely conceivable that a household
with two working parents could bring in over $100,000 and still have difficulty making
ends meet, especially given the rising cost of housing in the United States. Because the
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sample for the pilot study was not restricted to any one area of the country, we also
cannot assume that having an annual income over our categorical cap has the same
weight across the country. That is, an annual family income of over $100,000 in Southern
California does not have the same purchasing power as that same income in Arkansas. To
control for the quantitative discrepancy, the final study asked participants to enter their
total family income rounded to the nearest five thousand. There was no need to further
control for regional differences, as the final study was restricted to mothers living in
Fullerton, California only.

Figure 4. Number of participants per income bracket. Figure contains the number of
participants in each income bracket, per ten thousand dollar increments. The data
suggests a cap of $100,000 or more is insufficient for our final study.
Although the results of factor analysis do not imply any statistically significant
correlation between variables, they do suggest that there are certain variables that hang
together. We have interpreted these results to mean that there are four major factors
contributing to maternal social condition: economic assistance, friends, family, and
community. These results aided us in the creation of a survey instrument to adequately
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address these factors in our final study population. In essence, the results of the pilot
study have allowed us to take the guess work out of determining the factors that influence
our study population by crafting them directly from the source.
How Does the Pilot Study Inform the Final Study?
The results of the pilot study were largely used to determine the kinds of
questions we would ask in the final study. The questions regarding numbers of people in
each domain per category of aid remained largely unchanged in the final study. We had
predicted that family would load as a strong factor, but we did not predict that having a
close circle of friends would play such a strong role in social condition. We added
questions into the final study that accounted for friendship by asking mothers the
following questions:
1)

Do you have a close circle of friends nearby?

2)

How often do you go out socially, without your spouse or children?

The results of the pilot study also led us to believe that we were correct in our
assumption that there are different domains through which mothers seek aid; that is, the
person you may ask to borrow money from may not be the same person you would ask to
watch your children. We also realized that while our participants would spend less money
on child-care (as children are in school for the majority of the day) than would mothers of
young children, we needed to account for types of after-school care and for whether or
not the mother had someone for whom she could rely on in case of an emergency at the
child’s school.
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CHAPTER 5
METHODS PART 2: TESTS OF HYPOTHESES
This is a cross-sectional study that that collected quantitative measures of
maternal condition and offspring investment from mothers across four ZIP Codes in the
Southern Californian city of Fullerton. The study was approved as meeting the ethical
guidelines from the California State University, Fullerton Institutional Board (IRB, 2016)
and is line with the ethical guidelines recommended by the American Association of
Anthropologists (AAABlog, 2016). Because we were interested in the ways mothers
invest in older children, and not necessarily in infants and small children, where there is
greater obligate investment, we chose to study only mothers of children in elementary
school. We restricted participation in the study to mothers of children in first through
fifth grade. This was done to keep the number of hours in which the child is in school as
constant as possible. Many of the elementary schools in Fullerton have half-day
kindergarten classes, leaving parents of kindergarteners responsible for a greater number
of childcare hours on an average day than parents of children in other grades. Since there
is variation between schools as to whether they include sixth grade or not, we chose to
restrict participation to mothers of children up to fifth grade, to avoid getting uneven
representation from schools with different grade distributions. Mothers were asked to
provide information about only one child. In the case where a mother had more than one
child currently in first through fifth grade, they were instructed to provide information
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only about the oldest child in that range. Information about number and sex of siblings
was also collected.
Mothers were recruited via local events and social media, with the assistance of a
Facebook advertisement campaign. Participants were offered a chance to enter into an
opportunity drawing for an iPad Mini as an incentive to participate. Although the analysis
was restricted strictly to biological mothers of children in first through fifth grade, the
survey and the opportunity drawing were made available to foster, step, and adoptive
mothers and female caretakers. A small portion of the participants were recruited from a
special recruitment table hosted by the Fullerton Farmer’s Market.
Study Site
Fullerton, California, is an economically diverse area that displays clustering of
socioeconomic traits in distinct neighborhoods. Across the city, there are relatively equal
numbers of very low and very high income families. In 2014, 14% of the Fullerton
population fell below the national poverty guidelines (City Data, 2015), which for a
family of four equaled to an annual income of less than $23,850 (US Department of
Health and Human Services, 2014). However, a similar percentage of the population
earned over $200,000. In 2009 (the most recent available year), the median income for
the city was $68,166, compared to the state median of $58,931 (City Data, 2015). 2012
election data suggest that 45% of the population votes in line with the Democratic Party,
53% votes in line with the Republican Party, and 2% voted for an independent candidate
(City Data, 2015).
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Study Population
In order to approximate ecologically-valid mating sub-populations, we examined
differences in a variety of factors by ZIP Code. Fullerton is broken into five ZIP Codes;
one was excluded because it represents PO BOX addresses and not a geographical region.
The differences in population demographics by ZIP Code are shown in Table 6. There are
sizeable discrepancies between the median annual income, ethnic majority, the
percentage of residents who hold at least a bachelor’s degree, the percentage of residents
who rent their living space versus owning it, and the percentage of residents who live
below the national poverty line. All demographic data were accessed through City Data
(2015). As repeated from Chapter 3, Table 6 contains the differences in demographic data
by ZIP Code.
Table 6: Fullerton Demographics by ZIP Code

Average Income
Majority Ethnic Background
Percent Bachelor’s Degree
Percent of Residents Who Rent
Median Home Value

92831

92832

92833

92835

$62,216

$59,754

$59,547

$105,364

White

Hispanic

Hispanic/Asian

White

28.3

17.3

25.9

49.8

57

59

39

29

$444,100

$646,200

16.6

7.3

$465,900 $391,400

Percent Residents Below Poverty

20

17.3

Condition and Investment Questionnaire
Based on the findings of the pilot study, a four-part survey was given to mothers.
These measures are described below. A full list of the questions and their relevance is
given in the Appendix. For certain demographic details, such as gender identity, sexual
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preference, and ethnicity, participants were explicitly told that they had the option not to
answer. Following the results of the pilot study, mothers were asked to list the number of
people in each domain (family, friends, neighbors, community members, or paid
assistants) on whom they could rely for aid in certain categories. Again, the mothers were
asked: “How many people would you be able to easily turn to for help if:”
1)

You needed to borrow money to pay your rent or mortgage

2)

You experienced an accident or injury and needed someone to help care for

you for several weeks.
3)

If something happened to you today, and you needed someone to care for

your child/children for a few hours.
Creating an Index of Maternal Condition
Maternal condition was determined via an index that scored mothers relative to
the rest of the study population. Three major factors, as we identified in Chapter 4, were
considered: the mother’s physical condition, her financial condition, and her social
condition. A composite variable was created for each of the three factors, and was then
collapsed into a single variable.
Physical condition was measured using a previously validated scale of well-being,
the 12 Item Short-Form Survey (SF-12) This scale gives researchers an understanding of
physical health without having to access medical records, and without asking questions of
a sensitive or personal nature. The composite variable was created using the instructions
from the SF-12 manual (Ware, Kosinski, & Keller 1996). The SF-12 is available in the
Appendix.
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The social condition composite variable was comprised of variables relating to the
mother’s marital status as well as the size and availability of her social network. The
following concepts were standardized and then combined into a single variable. For the
complete list of variables involved, please see the Appendix. The concepts are:
1)

Her marital status

2)

If she is married, what percentage of the child care does she do?

3)

The number of people on whom she can rely in the categories identified in
the pilot study.

4)

Whether or not she has someone available who can watch her children for
free.

5)

How often she attends social outings without her spouse or children.

6)

How often she sees her friends.

Economic condition was measured in a similar manner. Factors that contribute to
greater economic health (such as having income and considering yourself to be of a greater
socioeconomic status in adulthood than in childhood) were weighted against factors that
decrease economic condition and then were combined into a single composite variable.
The concepts again were standardized before collapsing, and the full details can be seen in
the Appendix.
1)

What is her family’s income?

2)

What is her current socioeconomic status, and is that different from her
socioeconomic status in childhood?

3)

Do her children receive free or reduced price lunch?

4)

Does she receive government benefits, such as food or rent assistance?
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5)

Has she defaulted on any loans, payments, or credit cards in the last 6
months?

6)

Does she rent or own her residence?

7)

What is her highest attained education level?

8)

Is she employed?
Measuring Investment

As discussed in Chapter 2, parental investment can be measured in multiple
different ways. This can generally refer to two types of investment: physical investment
and behavioral investment. Because we did not collect data on pregnancy and birth, and
because this study focused on elementary school aged children and not infants, we do not
have information regarding investment in utero. Behavioral investment was broken into
the four measures of available maternal resources, time investment, financial investment,
social capital investment, and cognitive investment. Only results for time investment and
financial investment will be reported in this thesis as the results regarding social capital
investment and cognitive investment have yet to be analyzed. In order to avoid conflating
the two, questions about how much money and how much time a mother spent on a
specific activity were asked separately.
Time Investment
Time investment was measured as a function of the mother’s daily available,
nonworking time spent in activities specifically for the child’s benefit. The amount of
waking time a mother spent with her child in her presence and time spent in specific
obligatory caretaking activities was also collected.
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Extra-curricular activities. Many children’s activities require some measure of
parental time commitment. For mothers who indicated that their child participates in an
extra-curricular activity, we asked how much time she dedicated to that activity. This could
include coaching a sports team or leading a scout troop. In addition to extra-curricular
volunteer activities, mothers were asked how often they took their child to the library (for
either fun or education).
Child’s presence. It is common for mothers to run errands with their children in
their presence; however, we felt that this did not confer any additional investment in the
child outside of normal caretaking behavior. Mothers were asked to list the amount of
waking hours per day they spent with their child in their presence as well as the number
of waking hours they spent with their child doing activities that were expressly for the
child’s benefit.
Time investment in education. We asked mothers to list the amount of their time
they spent on their child’s education, as well as how often they read to their child and
how often they read to their child before the child could read on his or her own.
Financial Investment
Financial investment was measured as a function of money spent on either extracurricular activities, activities for fun, and activities for educational benefit. The presence
of savings for their child, as well as whether they give their child a weekly allowance,
was also accounted for.
Memberships. Investing in either recreational or educational memberships is one
way parents invest both time and money in children, and we have analyzed both the
amount of money they have spent as well as the frequency with which they attend. As
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many activities entail both recreation and education, we combined memberships into a
single category. This category included memberships in zoos, museums, children’s play
zones, and theme parks. Parents were asked to list the number of memberships they had
purchased this year, as well as the number of times they attended the venue. Theme park
attendance is a way of life in Southern California, considering the area is home to
Disneyland, Knott’s Berry Farm, Six Flags, and Universal Studios. While theme parks
are generally expensive, many of these the parks offer payment plans for annual
membership to attract local residents and the cost is considerably more affordable when
spread over the year.
Extracurricular activities. Fullerton School District does offer low or no cost
after school care at many of the schools, but many parents also choose to have their
children participate in sports, music, dance, scouting, or other non-District supported
activities. Private tutoring centers are ubiquitous in the area, and offer an educational
boost for the children of those parents who can afford them. We asked mothers to list the
amount of money they spent on extra-curricular activities, as well as how much they may
have invested in tutoring, per month.
Birthday parties. Children’s birthday parties range from small family
celebrations to lavish affairs. 12 of the participants indicated that they spent no money on
their child’s most recent birthday (due to either not celebrating for religious or cultural
reasons or for lack of money), while one participant indicated that she spent $2000 for
her son’s 6th birthday party. The median amount spend was $345, indicating that
children’s birthday parties are a relevant financial investment.
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Social Capital Investment
Mothers were asked how willing they were to utilize their own social capital for
their child. We first asked them how willing they were to risk their reputation, such as
through helping their children cheat or through arguing with their child’s teacher or school
administration. Second, we asked them to list how willing they are to spend time with
people they wouldn’t otherwise spend time with if it was for the benefit of their child.
Finally, we asked them how important it was that their child was friends with the “right”
people, and how often they preferred to host children at their homes as opposed to letting
their children play in others’ homes.
Cognitive Investment
As a measure of the amount of attention mothers pay the child outside of normal
caretaking activities, we asked them to fill in their child’s favorites in certain areas. These
were the child’s favorite food, best friend, favorite animal, current favorite book, and
current favorite television show.
Why Create Composite Variables?
Composite variables were created using Stata 14.1. These variables consisted of:
time investment, economic investment, health condition, economic condition, and social
condition. To create a single measure of maternal condition, all three condition variables
were then further summed into a single continuous variable. This final variable was used
for two of three statistical tests. The first hypothesis (that maternal condition will be
associated with maternal investment) was conducted using the three different measures of
condition (physical condition, economic condition, and social condition) separately.
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Combining maternal condition into a single composite score addresses the issues
we have previously addressed and ensures that we are measuring all, not just a single,
measure of maternal condition. The categories of social condition, economic condition,
and physical condition were weighted equally, such that, for example, two women who
differ substantially (e.g., one who has high income and low social support, and one who
has low income and high social support) would end up in relatively similar condition.
Similarly, a woman who is in good condition across all three domains, that is, a healthy
mother with high social support and high income, would be assessed as being in much
better condition than a woman in poor condition across all three domains.
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CHAPTER 6
RESULTS
A total of 161 participants took the survey. Of these, 52 did not complete the
entire survey and four were eliminated because they indicated that they were not the
biological mother of their child, leaving a total sample size of 105. A separate statistical
test was conducted for each hypothesis. All tests were conducted using Stata 14.1
(StataCorp, 2015). Results are reported as significant when p < .05.
Demographic Variance Between Subsamples
Participant demographics and sample sizes by ZIP Code are shown in Table 7.
Study participants in the different ZIP Codes did not significantly differ in terms of
maternal age and the age of the target child. The participants in ZIP Codes 92831 and
92833 differed in fewer categories that those in the other ZIP Codes. In ZIP Code 92832,
participants were only significantly different in the category ethnic majority, when
compared to the other ZIP Codes. The greatest differences were apparent in ZIP Code
92385, which significantly differed in education level compared to 92832 and 92833,
median income level compared to all other ZIP Codes, and home ownership 92832, Table
9 shows the regression analysis comparisons for each ZIP Code compared to the three
others.
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Table 7: Demographic Variance Between Subsamples
92831

92832

92833

92835

35

19

33

18

18/17

10/9

21/12

9/9

Median maternal age

40a

37.5a

38a

40a

Median child age

9a

8a

8a

8a

Whitea

White/Hispanicb

White/Asiana, b

Whitea, b

24a, b

8a

27a

30a, b

86,000a

60,000a

85,000a

250,000b

14a

30b

45a

70a

N
Target child sex (M/F)

Ethnic majority
Percent holding degree
Income
Percent owning home

Hypothesis 1: Condition and Investment Hypothesis
If parental investment is a function of parental condition, then variation in
parental condition should be associated with variation in parental investment. This is a
two-tailed hypothesis, as it does not specifically predict either a positive or negative
relationship. A Pearson Product Moment correlation coefficient was calculated to
measure correlations between investment measures and condition measures. A matrix of
these correlations is visible in Table 8. When comparing the condition measures amongst
themselves, greater economic condition was moderately correlated with greater social
condition. A difference in health condition was not significantly correlated with either a
difference in economic condition or social condition. In terms of the association between
maternal condition and parental investment, there was only a weak correlation between
time investment and economic condition. No other measures of maternal condition were
associated with any form of parental investment. In terms of the association between
investment measures, greater financial investment was weakly correlated with greater
time investment.
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Table 8. Correlation Matrix of Condition and Investment Variables
Financial
Time
Investment Investment

Social
Condition

Financial Investment

1.00

Time Investment

0.2905*

1.00

Social Condition

0.0042

0.0612

1.00

Economic Condition

0.1850

0.2722*

0.4977*

Health Condition

0.1944

0.1306

-0.0821

Economic
Condition

Health
Condition

1.00
0.1058

1.00

Hypothesis 2: The Unnuanced Hypothesis
Hypothesis 2 represents an unnuanced version of the Trivers-Willard Hypothesis
in that all study subjects are compared to each other. When comparing maternal
investment between populations rather than within appropriately drawn mating
populations, Trivers-Willard effects should wash out.
A factorial analysis of variance was computed for both time investment and
financial investment, in order to analyze the interaction between the sex of the target
child and the condition of the mother. Participants were sorted categorically based on
their placement above or below the mean condition score. 60 of the participants were
considered low, and 45 of the participants were considered high, for a total of N = 105.
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Table 9. Linear Regression Comparisons by ZIP Code
ZIP

Variable

N

maternal age

67

t(SE)

p

Confidence Intervals

92832

-0.28(2.155145)

.778

-4.918143

-

3.695286

92833

-0.29(1.964978)

.774

-4.493012

-

3.36038

92835

0.03(2.509727)

.977

-4.944178

-

5.0864

92832

-0.92(.4818849)

.362

-1.400116

-

0.5167829

92833

-0.57(.4129333)

.574

-1.054641

0.5879744

92835

-1.12(.5038334)

.264

-1.56877

0.4354371

92832

-0.67(.5979793)

.506

-1.595344

-

0.795346

92833

-1.15(.540585)

.254

-1.72836

-

0.4583919

92835

1.68(.6543349)

.098

-0.2079968

-

2.407977

92832

-0.03(25882.55)

.973

-52656.81

-

50888.81

92833

0.05(227282.16)

.957

-46806.21

-

44335.99

92835

5.69(28649.37)

<.001

105597.6

-

220212.2

92832

-2.74(.0944746)

.01

-0.436473

-

-.063527

92833

.001(.0712745)

>.99

-0.1457726

-

0.1457726

92835

.001(.0744438)

>.99

-0.1522546

-

0.1522546

92832

2.54(.5283087)

.015

0.278116

-

2.406316

92833

1.86(.5030302)

.069

0.765033

-

1.949806

92835

1.63(.5853696)

.109

-0.2231124

-

2.134877

92831

child age

education

income

home ownership

ethnicity

87

66

64

66

47
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Table 9, cont.
ZIP

Variable

N

maternal age

67

t(SE)

p

Confidence Intervals

92831

0.28(2.155145)

.778

-3.695286

-

4.918143

92833

0.02(2.274021)

.984

-4.499155

-

4.58981

92835

0.25(2.758398)

.805

-4.829679

-

6.194758

92831

0.92(.4818849)

.362

-0.5167829

-

1.400116

92833

0.42(.4911084)

.673

-0.7684615

-

1.185128

92835

-0.22(.569667)

.827

-1.258046

-

1.008046

92831

0.67(.5979793)

.506

-0.7953436

-

1.59344

92833

-0.35(.7355772)

.728

-1.494599

-

1.050154

92835

2.04(.7355772)

.046

0.029602

-

2.970398

92831

.03(25882.55)

.973

-5088.81

-

52656.81

92833

-0.01(27466.33)

.990

-55291.95

-

54589.72

92835

5.04(32498.6)

<.001

98782.02

-

228795.8

92831

2.74(.091746)

.01

0.063527

-

0.436473

92833

2.54(.0984798)

.017

0.0485861

-

0.4514139

92835

2.48(.1007973)

.019

0.0438463

-

0.4561537

92831

-2.54(.5283087)

.015

-2.406314

-

-0.2781776

92833

-0.73(.5593288)

.472

-1.53214

-

0.7209516

92835

-0.61(.6344027)

.546

-1.664116

-

0.891389

92832

child age

education

income

home ownership

ethnicity

87

66

64

66

47
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Table 9, cont.
ZIP

Variable

N

t(SE)

p

Confidence Intervals

92833
maternal age

child age

education

income

home ownership

ethnicity

67
92831

-0.03(2.509727)

.977

-3.36038

-

4.493012

92832

-0.25(.2.758398)

.805

-4.589381

-

4.499155

92835

-0.24(2.612518)

.808

-4.58273

-

5.85127

92831

0.57(.4129333)

.574

-0.5879744

-

1.054641

92832

-0.42(.4911084)

.673

-1.18528

-

0.7684615

92835

-.065(.5126619)

.517

-1.352997

-

0.6863305

92831

1.15(.540585)

.254

-0.4583919

-

1.702836

92832

0.35(.6365155)

.728

-1.050154

-

1.494599

92835

2.50(.6897295)

.015

-0.3434726

-

3.100972

92831

0.05(22782.16)

.957

-44335.99

-

46806.21

92832

0.01(27466.33)

.990

-54589.72

-

55291.95

92835

5.46(30087.85)

<.001

103955.3

-

224324.7

92831

-.001(.0712745)

.99

-0.1457726

-

0.1457726

92832

-2.54(.0984798)

.017

-0.4514139

-

-0.0485861

92835

-.001(.0832306)

.99

-0.1702258

-

0.1702258

92831

-1.86(.5030302)

.069

-1.949806

-

0.0765033

92832

0.73(.5593288)

.472

-0.7209516

-

1.53214

92835

0.03(.6135113)

.975

-1.216444

-

1.254906

87

66

64

66

47
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Table 9, cont.
ZIP

Variable

N

t(SE)

p

Confidence Intervals

92831

-0.03(2.509727)

.977

-5.0864

-

4.944178

92832

-0.25(2.758398)

.805

-6.194758

-

4.829679

92833

-0.24(2612518)

.808

-5.85127

-

4.583273

92831

1.12(.50638331)

.264

-0.4354371

-

1.56877

92832

0.22(.5696677)

.827

-1.008046

-

1.258046

92833

0.65(.5126619)

.517

-0.6863305

-

1.352997

92831

-1.68(.6543349)

.098

-2.407997

-

0.279968

92832

-2.04(.7355772)

.046

-2.97398

-

-0.029602

92833

-2.50(.6897295)

.015

-3.100972

-

-.343726

92831

-5.69(28649.37)

<.001

-220212.2

-

-105597.96

92832

-5.04(32498.6)

<.001

-228795.8

-

-98782.02

92833

-5.46(30087.85)

<.001

-224324.7

-

-103955.3

92831

-.001(.0744438)

.99

-0.1522546

-

0.1522546

92832

-2.48(.1007973)

.019

-0.4561537

-

-0.0438463

92833

-.001(.0832306)

.99

-.01702258

-

0.1702258

92831

-1.63(.5853696)

.109

-2.134877

-

0.2231124

92832

0.61(.6344027)

.546

-0.891389

-

1.664116

92833

-0.03(.6135113)

.975

-1.254906

-

1.216444

92835
maternal age

child age

education

income

home ownership

ethnicity

67

87

66

64

66

47

81
The first factorial ANOVA was conducted to compare the main effects of child
sex and maternal condition and the interaction effect between child sex and maternal
condition on financial investment. The findings do not indicate a statistically significant
main effect for target child sex. A significant main effect was present for maternal
condition, indicating a significant difference in the amount of money mothers of high
condition and low condition spend on their children. However, there were no significant
findings for the interaction between maternal condition and target child sex. Results for
this test are presented in Table 10.
Table 10. Factorial Analysis of Variance for Financial Investment
DF

Sum of Squares

Child Sex (S)

1

.00694991

Condition (C)

1

C*S

1

Error

101

Total

104

5.6372424
.22936067
98.297966

Mean Square

F

p

.00694

.10

.9328

5.6372424

5.79

.0179*

.24

.6284

.22936067
.97324719
.99999998

The second factorial ANOVA was conducted to compare the main effects of child
sex and maternal condition and the interaction effects between child sex and maternal
condition on time allocation investment. The findings do not indicate a statistically
significant main effect for either maternal condition or target child sex, nor do they
indicate a statistically significant interaction effect between maternal condition and target
child sex. Results for this test are presented in Table 11.
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Table 11. Factorial Analysis of Variance for Time Investment
DF

Sum of Squares
.33446086

Mean Square

F

P

.33446086

.34

.5626

Child Sex (S)

1

Condition (C)

1

C*S

1

Error

76

75.148495

.99879599

Total

79

78.99999

.99999999

3.5622921
.00003989

3.5622921
.00003989

3.6
.00

.0615
.9949

Hypothesis 3: Sub-Populations Hypothesis
Hypothesis 3 deals with the predictive power of target child sex and maternal
condition on both time investment and financial investment. Results for this test are
presented in Table 12. A separate linear regression was computed for each ZIP Code,
which allows us to attempt to sort the population into the assumed mating populations.
Maternal condition was again dichotomized into a high and low category. Child sex and
maternal condition were both used as independent variables, while time investment and
financial investment were dependent variables. There were no significant findings for
time investment in any of the ZIP Codes. For financial investment, there was only a
significant finding in ZIP Code 92832, suggesting that mothers in worse condition in this
ZIP Code are spending more money on their daughters than their sons, as is predicted by
the Trivers-Willard Hypothesis. There were no other significant findings for difference in
financial investment in any other ZIP Code.
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Table 12. Interaction of Biological Sex and Maternal Condition, by ZIP Code
ZIP

N

t(SE)

p

Confidence Interval

92831 30

-0.22(.638)

.218

0.319–1.131

92832 14

0.46(.765)

.663

-1.349–2.039

92833 23

0.59(1.45)

.742

-2.165–3.883

92835 12

-1.24(.895)

.249

-3.179–0.950

92831 35

-1.21(.586)

.236

-1.903–0.487

92832 19

2.85(.951)

.012*

0.680–4.734

92833 33

1.82(.976)

.079

-0.222–3.769

92835 18

-0.05(.610)

.963

-1.338–1.281

Time Investment

Financial Investment
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CHAPTER 7
CONCLUSIONS AND DISCUSSION
Of the three hypotheses, only the results of the second hypothesis followed our
expectations. There was a significant difference in time investment, biased toward
females, among lower condition mothers in ZIP Code 92832; however, it is difficult to
state whether the statistical analyses on any of the hypotheses are truly representative or
if they are the result of a small sample size. We do not feel that this result in this one ZIP
Code is strong enough to fail to reject the null hypothesis. We felt it necessary to look at
the trends of the means in each group. Although the previous tests yield no statistical
significance, the means analysis yielded interesting results. For example, the graph of the
means for time allocation investment (Figure 5) appears to show that mothers in 92832,
who have the lowest average income, lowest percentage of home ownership, and lowest
educational attainment, are not only investing less time in their children overall than their
counterparts, but are also investing less time in their daughters than their sons. This
shows the opposite of what one would expect from the Trivers-Willard Hypothesis.
Again, a larger sample size could yield different results.
Mean financial investment (Figure 6) told a different story. Similar to time
investment, those mothers in 92832 invested a lower overall amount of money in their
children. This is likely the result of this population simply not having additional income

85
with which to invest in caretaking activities. Nearly 20% of the participants living in this
ZIP Code
received state food aid, and the actual number of the population that receives government
assistance living in this area is likely to be higher.

Figure 5. Bar Graph of Means for Relative Time Allocation Investment by ZIP Code.
Graph is separated by male and female. The additional layer of maternal condition is not
included.

Figure 6. Bar Graph of Means for Relative Financial Investment by ZIP Code. Graph is
separated by male and female. The additional layer of maternal condition is not included.
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Population Limitations
Some limitations exist that lead us to conclude that our sample may not be as
representative of the population at whole as we desired. First, we recruited participants
through social media. This required that first, the participants had access to the internet,
and second that they had an account with Facebook. For a nominal fee, Facebook allows
page managers to promote advertisements and page posts. The stats from Facebook
publishing indicated that 6,200 people saw the ad for the page and survey, but only 303
clicked on the link. Of those, only 80 actually took the survey. This could be the result of
oversaturation of advertisements on Facebook, or it could be the result of the author not
making an eye-catching advertisement. To attempt to mitigate the advertisement issue,
we also contacted mothers’ groups, buy/sell/trade groups, and “kitchen sink” groups on
Facebook, who allowed us to post the link to the survey on their pages. To reduce the
problem with having a Facebook account, we also posted links on Craiglist.com. Because
the Fullerton population is so large, we cannot say that the incredibly small sample we
received is representative of the population of the city. Furthermore, because we were
unable to get a random sample of the population of mothers who met the exclusionary
criteria, we cannot say for certain that our sample is not biased in some way.
Survey Errors
Shortly after the survey was launched, it came to the attention of the author that
she had neglected to include two important demographic questions. The first was in
regards to the ethnic background with which the participant identifies, while the second
was in regards to the participant’s sexual orientation. These questions were later added in,
but were not available for the first participants. While we did not include sexual
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orientation for analysis of demographic differences, ethnicity data was included.
Including participants who chose not to answer, we only have ethnicity data for 49
participants.
A second issue arose when we began to analyze the data. Upon examining
participant income, it came to our attention that we had neglected to inform participants
to enter their income in terms of annual income. We chose to exclude any participants
who appeared to have answered with monthly income. Because it is impossible to
distinguish between those who may have answered with a very high monthly income and
those who may have very low annual income, observations that answered with a number
under USD $9,600 were dropped from analysis.
Is ZIP Code an Ecologically Valid Proxy?
The results of analysis do not indicate that there are any Trivers-Willard effects
present in this population; however, this could be the result not of a lack of TriversWillard effects, but instead from an invalid assumption that residence is a valid proxy.
ZIP Code is an easily identified marker of population demographics, but that does not
mean that people do not regularly move between ZIP Codes for work, leisure, or even to
run errands. Rather than comparing subsamples between an already coded population
line, a better measure may have been to compare subsamples specifically within those
characteristics we identified as strong assortative mating factors. For example, we could
ask whether there is evidence of sex-bias among mothers within groups of mothers with
and without higher education.
Furthermore, we may have been wrong in our assumption that neighbors have
anything to do with the people to whom parents compare themselves. The only thing that
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binds these populations is an imaginary line created for ease of mail delivery. There are
no geographical, cultural, or institutional boundaries that prevent these residents from
moving and mixing within them. It may very well be that parents do not compare
themselves to the people who live in the house or apartment next door, but rather to those
at their place of work, their university, or their place of worship. But again, we are left
with the question of how we identify mating subsamples: do we attempt to draw discrete
lines, or do we ask enough questions to be able to create individual profiles? And then
how do we then use that information empirically?
Did We Meet All Three Assumptions?
In Chapter 1, I argued that a vital error in much of the the Trivers-Willard
literature was to meet all three assumptions of the Hypothesis. Stated again, they are: 1)
that the condition of the offspring at the end of the period of investment should be
comparable to the parent’s condition; 2) that the results of the investment period should
last into adulthood; 3) that slight advantages in maternal condition should confer
additional benefits to male offspring, but not female (Trivers & Willard, 1973). The third
assumption was easily recognized in our second hypothesis, which was that if maternal
condition increases, investment in male children should also increase. The assortative
mating literature, was used to show that on average, people will choose a partner with
similarity of culture, similar education and income prospects, and from a similar
location/upbringing. This should address the first and second assumptions.
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Next Steps
Additional Data Collection
Before this study can be published, it will require a second wave of data
collection in order to increase the sample size. We anticipate that we will need at least
100 additional participants, to increase the sample size per population to approximately
50. The same statistical analyses will be conducted.
Validation.
At this time, the condition index has not been validated. Without validation, we
cannot state that our methodology and our instrument are capturing the constructs they
are designed to. An item analysis will need to be conducted before the index can be used
for publication or for replication. The index portion of the study will be available on
Amazon Mechanical Turk in order to capture a larger participant pool, and then an item
analysis can be conducted. Because this will be related to validating the index and not for
testing specific hypotheses, the only parameters we will need for participants is that they
a) live in the United States, b) are the mother (including step, foster, or guardian figure
that is also female or identifies as female) of at least one child, and c) are at least 18 years
of age, as this is the age at which individuals are legally allowed to consent to participate
without needing additional assent information.
Additional Analyses
At this time, analyses have not been conducted for social capital investment and
cognitive investment. The data are still in string format and will need to be transformed,
and then the same statistical tests that were conducted for time investment and financial
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investment can be conducted. We anticipate this portion of the study to be finished in
January of 2017.
Conclusions
We attempted to address two methodological errors in testing the Trivers-Willard
Hypothesis: 1) that there is no standardized metric by which to measure maternal
condition that accounts for maternal health, social status, and economic status, and 2) that
tests of the Trivers-Willard Hypothesis in modernized societies rely on large-scale census
data that assume the population is a single, homogenous mating population. We
addressed the first methodological error by creating an index of maternal condition that
accounts for all of these factors and has also been crafted specifically for this population.
The second error was addressed by referencing the assortative mating literature, and
examining whether ZIP Code could serve as a valid proxy for ecologically-valid mating
sub-populations in this specific population. In terms of filling in the gaps in the TriversWillard literature, this project has been a very successful first step.
In terms of hypothesis testing, our interpretation was limited by the small sample
size. The data that we have do not suggest that a) there is any difference in parental
investment based on the child’s sex or that b) sex-biased investment is a function of
maternal condition; however, based on the small sample size, this interpretation is
insufficient. Again, to the best of our knowledge, the methods we used to determine
maternal condition and investment in specific population included the most global
measures of any test of the Trivers-Willard Hypothesis in a modernized population to
date.
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Relevance to Literature
We anticipate that the results of this project will be added to the growing body of
literature in evolutionary anthropology, psychology, and biology that has attempted to
navigate the murky waters of the Trivers-Willard Hypothesis. Furthermore, the index that
we have created should be useful to any researchers seeking to analyze maternal
condition; this can include anthropologists, psychologists, and sociologists, but should
also be impactful for those who work in social work or assistance.
Broader Impacts for Evolutionary Studies
Hrdy (1987) has quoted Robert Trivers as saying “Even if I’m wrong, it will take
them years to find out” (p. 29). This has become a somewhat apocryphal statement, as
Hrdy really offers no source other than that it was an “offhand remark” from Trivers
(1987, p.29). Hrdy’s further critique of the Hypothesis also serves as part of the title of
this paper; it may be an attractive hypothesis, but it is nigh impossible to test. In chapter
1, I argued that if we are to test the Hypothesis appropriately, there are specific issues that
would need to be addressed; e.g., the operationalization of condition, population
definitions, and discrete investment measures. This project has attempted to address those
issues.
One common issue in behavioral studies is that an alternate explanation can be
given for almost any result. Such is the case for many evolutionary studies, where any
behavior can be slapped with the “evolved mechanism” label if it’s replicated more than
twice. For this reason, we try to fine tune our studies—drown out the noise, if you will—
and use discrete measures. Knowledge is then derived not from any one study, but from
the interaction of layers upon layers of studies. The Trivers-Willard Hypothesis, however
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attractive, is not exempt from this process. We have shown that the Trivers-Willard
Hypothesis, in terms of human behavior, can be tested. Yes, it can be tested—but we may
not be happy with the results.
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APPENDIX
QUESTIONNAIRE AND CONSTRUCTS USED IN CONDITION INDEX
#
100

Variable
Label
Welcome

1.1

Consent

2.1

2.2

103

2.3

2.4

Desc_1

biomom

relatekid

ZIP

Desc_2

Description/Question

Code

Introduction Page

1

I have read and/or had the terms used in this
consent form explained to me:
I do not wish to participate:
Eligibility instructions

Construct

1
N/A1
N/A

Eligibility: To qualify for this study, you
must be the mother of a child in first through
fifth grade AND you must reside in Fullerton,
California.
Are you currently the biological mother of a
child in first, second, third, fourth, or fifth
grade?
Yes

1

No
If 2.2 = “no”: What is the best description of
your relationship to your child?
Adopted mother
Stepmother
Foster mother
Family member with permanent custody
Other
In which of the following ZIP Codes do you
reside? If you have a PO BOX mailing
address, please use the ZIP Code where your
home is located.
92831
92832
92833
92835
I do not reside in any of these ZIP Codes.2
Instruction

2

Section 1: YOUR CHILD
The questions in this section are about your
child, including general information about
age, health, and school.

1
2
3
4
5
SES

1
2
3
4
5
N/A
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Instructions: Please answer these questions
only in reference to your CHILD that is in
first, second, third, fourth, or fifth grade. If
you have more than one child in any of these
grades, PLEASE CHOOSE THE OLDEST
CHILD. If you have children from a multiple
birth (such as twins or triplets), please choose
the child that was born first.
2.5

2.6

2.7

biosex

grade

2.9

wtlbs
wtoz
htft
htin
numsick

2.10

reportcard

2.8

2.11

2.12

gate

kidage

What was your child’s biological sex at birth?
Male
Female
Intersex
What grade is your child in?
First
Second
Third
Fourth
Fifth
What is your child’s current weight? (pounds)
What is your child’s current weight? (ounces)
What is your child’s current height? (feet)
What is your child’s current height? (inches)
How many times has your child been sick in
the last six months (i.e., had to stay home
from school, see the doctor, and/or take
medicine?)
What were your child’s grades on his or her
most recent report card?
mostly 1’s
mostly 1’s and 2’s
mostly 2’s
mostly 2’s and 3’s
mostly 3’s
mostly 3’s and 4’s
mostly 4’s
the scores were all over the place
My child’s school reports grades differently.
I don’t know.
Has your child been recommended for or
accepted into a GATE program?
Yes
No
I don’t know
What is your child’s current age?
6 or younger
7
8
9
10
11 or older

Sex of child
1
2
3
Age of child
1
6
2
3
4
numerical
numerical
numerical
numerical
numerical

Child well-being
Child well-being
Child well-being
Child well-being
Child well-being

Child well-being,
knowledge of child
1
2
3
4
5
6
7
8
9
10
Child well-being,
knowledge of child
1
2
3
Age
1
2
3
4
5
6
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2.13

dadhome

worry1

Does this child’s father currently reside in the
same home with you and your child?
yes
no
Question in this series are scored on a scale
from 0-100, with three markers: strongly
agree (lowest), neither agree nor disagree, and
strongly disagree (highest).
My child is often sick.

worry2

My child does not get enough sleep.

worry3

My child struggles making friends.

worry4

My child struggles with school work.

worry5

My child gets bullied by other children.

worry6

My child bullies other children.

worry7

My child does not get enough physical
exercise.
My child suffers from stress, sadness, or
anxiety.
I think my child may have substantial health
or psychological problems later in life.
I think my child may have substantial
financial problems later in life.
I think my child may have substantial social
problems later in life.
Questions 3.1-3.17 are from the SF-12 short
form health survey; a validated instrument
that measures physical and mental health
without invasive questions or testing.
Instructions
Section 2: YOUR HEALTH

2.142.15

worry8
worry9
worry10
worry11

3.1

3.2

3.3

3.4

Desc_3

The questions in this section are about your
current health. Please answer all questions as
honestly and accurately as you can.
In general, would you say your health is . . .
Excellent
Very Good
Good
Fair
Poor
The following two questions are about
activities you might do during a typical day.
Does YOUR HEALTH NOW LIMIT YOU
in these activities? If so, how much?
MODERATE ACTIVITIES, such as
moving a table, pushing a vacuum cleaner,
bowling, or playing golf?
Yes, limited a lot.
Yes, limited a little.

Paternal Care
1
2

scaled 0100
scaled 0100
scaled 0100
scaled 0100
scaled 0100
scaled 0100
scaled 0100
scaled 0100
scaled 0100
scaled 0100
scaled 0100

Worry
Worry
Worry
Worry
Worry
Worry
Worry
Worry
Worry
Worry
Worry

Physical Condition

1
2
3
3
5
N/A

Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition

Physical Condition
1
2

Physical Condition
Physical Condition
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3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

No, not limited at all.
Climbing SEVERAL flights of stairs:
Yes, limited a lot.
Yes, limited a little.
No, not limited at all.
The rest of the questions in this section are
about how you have been feeling recently.
These questions will ask about your health
and wellbeing over the past FOUR WEEKS
(more or less the past month). Please restrict
your answer to how you have been feeling
during that time.
During the PAST 4 WEEKS have you had
any of the following problems with your work
or other regular activities AS A RESULT OF
YOUR PHYSICAL HEALTH?
Accomplished less that you would like?
Yes
No
Were limited in the KIND of work or other
activities?
Yes
No
During the PAST 4 WEEKS were you
limited in the kind of work you do or other
activities AS A RESULT OF ANY
EMOTIONAL PROBLEMS?
ACCOMPLISHED LESS than you would
like?
Yes
No
Didn’t do work or other activities as
CAREFULLY as usual?
Yes
No
During the PAST 4 WEEKS how much did
PAIN interfere with your normal work
(including both work outside the home and
housework)?
Not at all
A little bit
Moderately
Quite a bit
Extremely
For each of the following questions, please
give one answer that comes closest to the way
you have been feeling over the past four
weeks. How much of the time during the
PAST 4 WEEKS . . .
Have you felt calm and peaceful?
All of the time
Most of the time
A good bit of the time

3
1
2
3

1
2
1
2

Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition

Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition

Physical Condition
1
2

Physical Condition
Physical Condition
Physical Condition

1
2

Physical Condition
Physical Condition
Physical Condition

1
2
3
4
5

Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition

1
2
3

Physical Condition
Physical Condition
Physical Condition
Physical Condition
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3.15

3.16

3.17

4.1

4.2

Desc_4

hrswrkday

Some of the time
A little of the time
None of the time
Did you have a lot of energy?
All of the time

4
5
6

Most of the time
A good bit of the time
Some of the time
A little of the time
None of the time
Have you felt downhearted and blue?
All of the time

2
3
4
5
6

Most of the time
A good bit of the time
Some of the time
A little of the time
None of the time
During the PAST 4 WEEKS how much of
the time has your PHYSICAL HEALTH OR
EMOTIONAL PROBLEMS interfered with
your social activities (like visiting with
friends relatives, etc . . . )
All of the time
Most of the time
A good bit of the time
Some of the time
A little of the time
None of the time
Instructions

2
3
4
5
6

Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition

1
2
3
4
5
6

Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition

Section 3: Daily Activities
The questions in this section are about how
your child and you spend your time. For
questions about your child, please remember
that these questions should be answered only
in regard to the same child about whom you
answered questions in Section 1.
On average, how many waking hours per
day do you spend with this child in your
presence? Do not count time when you or
your child are sleeping).
1 hour or less than 1 hours
2 hours
3 hours
4 hours
5 hours
6 hours
7 hours
8 hours
9 hours
10 hours
11 hours
12 hours

1

1

Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition
Physical Condition

Time allocation

1

Time allocation

2
3
4
5
6
7
8
9
10
11
12

Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
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4.3

4.4

hrsnonwrk

hrswkkid

13 hours
14 hours
15 hours
16 hours
17 hours
18 hours
19 hours
20 hours or less than 20 hours
On average, how many waking hours per
non-work day do you spend with this child in
your presence?
1 hour or less than 1 hours
2 hours
3 hours
4 hours
5 hours
6 hours
7 hours
8 hours
9 hours
10 hours
11 hours
12 hours
13 hours
14 hours
15 hours
16 hours
17 hours
18 hours
19 hours
20 hours or more than 20 hours
On average, how many hours per week do
you spend participating in activities with this
child that are specifically focused on your
child? Examples include going to museums or
libraries, attending scouting meetings, sports
practice, or music lessons, playing games with
your child, reading to your child, or helping
your child with a project or activity. DO NOT
include time spent that is caretaking while
doing other things, such as running errands or
grocery shopping.
1 hour or less than 1 hour
2 hours
3 hours
4 hours
5 hours
6 hours
7 hours
8 hours
9 hours
10 hours
11 hours
12 hours

13
14
15
16
17
18
19
20

Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation

1
2
3
4
5
6
7
8
9
10
11
12

Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
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13 hours
14 hours
15 hours
16 hours
17 hours
18 hours
19 hours
20 hours
21 hours
22 hours
23 hours
24 hours
25 hours
26 hours
27 hours
28 hours
29 hours
30 hours or more than 30 hours
4.5 is comprised of multiple responses (coded
yes or no) to a question about entertainment
memberships and the number of times per
year the child typically attends.

4.5

memb1

memb2

memb3

memb4

memb5

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Do you have an annual membership to any of
the following? If so, please indicate how
many times per year your child typically goes.
Aquarium of the Pacific
Yes

1

No

2

Yes

1

No

2

Yes

1

No

2

Yes

1

No

2

Yes

1

Bower’s Kidseum

Children’s Museum of LaHabra

Discovery Cube Science Center

Disneyland

Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation
Time allocation,
financial

Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
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memb6

memb7

memb8

memb9

memb10

memb11

memb12

memb13

memb14

No

2

Yes

1

No

2

Yes

1

No

2

Yes

1

No

2

Yes

1

No

2

Yes

1

No

2

Yes

1

No

2

Yes

1

No

2

Yes

1

No

2

Yes

1

Kidspace

Knott’s Berry Farm

Legoland

Los Angeles Zoo

Natural History Museum

Pretend City Children’s Museum

Sea World

San Diego Zoo

Santa Ana Zoo

Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
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memb15

memb16

memb17

No

2

Yes

1

No

2

Yes

1

No

2

Yes

1

No

2

Six Flags Magic Mountain

Universal Studios

Other

memtime1

Aquarium of the Pacific

numerical

memtimes2

Bower’s Kidseum

numerical

memtimes3

Children’s Museum of LaHabra

numerical

memtimes4

Discovery Cube Science Center

numerical

memtimes5

Disneyland

numerical

memtimes6

Kidspace

numerical

memtimes7

Knott’s Berry Farm

numerical

memtimes8

Legoland

numerical

memtimes9

Los Angeles Zoo

numerical

memtimes10

Natural History Museum of LA

numerical

memtimes11

Pretend City Children’s Museum

numerical

memtimes12

Sea World

numerical

memtimes13

San Diego Zoo

numerical

memtimes14

Santa Ana Zoo

numerical

memtimes15

Six Flags Magic Mountain

numerical

memtimes16

Universal Studies

numerical

memtmother

other

string

Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
Time allocation,
financial
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4.6

rsnspend

4.7

kidbday

4.8

partykids
partyadult

4.9

partyspend

4.10

afterschool1

How much, in dollars, do you think is a
reasonable amount of money to spend on a
child’s birthday, including party, gifts, cake,
etc . . . ?
Please choose the answer that is closest to
what you did for your child’s last birthday.
I self-organized a party (e.g., at home or at a
park)
We had a party that was organized by a
venue.
We celebrated with just our family.
We did not celebrate the birthday due to
financial hardship
We did not celebrate for reasons other than
financial hardship; e.g., cultural or religious
beliefs, work or family commitments, or other
non-financial reasons.
If you had a party, how many guests attended:
children
If you had a party, how many guests attended:
adults
If you had a party, how much money did you
spend, including presents?
Please choose the the average number of
days per week that your child is cared for by
the following individuals/programs after
school.
Paid after school program
0 days
1 day
2 days
3 days
4 days
5 days

afterschool2

afterschool3

numerical

financial

financial
1

financial

2

financial

3
4

financial
financial

5

financial

numerical

financial

numerical

financial

numerical

financial
financial, time
allocation,
education
financial, time
allocation,
education

1
2
3
4
5
6

Paid caregiver (e.g., nanny/babysitter)

financial, time
allocation,
education

0 days
1 day
2 days
3 days
4 days
5 days
Unpaid caregiver (e.g., family member or
neighbor)

1
2
3
4
5
6

0 days
1 day
2 days
3 days
4 days
5 days

1
2
3
4
5
6

financial, time
allocation,
education
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afterschool4

My child’s father cares for him/her

financial, time
allocation,
education
0 days
1 days
2 days
3 days
4 days
5 days

afterschool5

4.11

4.12

kidread

tutor

I care for my child after school.

financial, time
allocation,
education

0 days
1 day
2 days
3 days
4 days
5 days
Before your child could read, how often did
you read to him/her?
Every day for at least 30 minutes.
Every day for less than 30 minutes.
Every other day.
Every few days.
At least once a week.
Less than once a week.
Does your child receive any supplementary
learning assistance (e.g., speech pathology
training, tutoring, mentoring)?
Yes
No

4.13

4.14

4.15

4.16

paytutor

savings

extras

extratime

1
2
3
4
5
6

If 4.12 = Yes; Do you pay for this service, or
is it provided for you?
Paid
Free
Do you have any savings or investments
specifically designated for your child’s future,
such as college savings plans or accounts, a
trust fund, or a wedding fund?
Yes
No
Does your child participate in any extracurricular activities, such as scouting, sports,
or music lessons?
Yes
No
How many hours per week do YOU
PERSONALLY invest in this activity (for
example, watching practice, fundraising,
coaching, or other time invested in the
activity)?
1 hour or less than 1 hours
2 hours
3 hours

1
2
3
4
5
6
time allocation,
education
1
2
3
4
5
6
education
1
2
education,
financial
1
2
financial

1
2
financial,
education, time
allocation
1
2
time allocation

1
2
3
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4.17

favorite1

4.18

4.19
4.20

favorite2
favorite3
favorite4
favorite5
allowance

allow_wk
library

4.21

4.22

4.23
4.24

lib_wk
lib_mnth
lib_yr
doctor

doc_yr

4 hours
5 hours
6 hours
7 hours
8 hours
9 hours
10 hours
11 hours
12 hours
13 hours
14 hours
15 hours or more
Without asking your child, please answer the
following questions about your child’s
favorite things. If you do not know, please
leave it blank.
Who is your child’s best friend (first name
only)?
What is your child’s favorite food?
What is your child’s favorite book?
What is your child’s favorite TV show?
What is your child’s favorite animal?
Do you give your child a regular allowance?
Yes
No
How much allowance do you give your child?
Do you or your child have a public library
card?
Yes
No
If 4.20 = YES; How often do you go to the
library? Please select ONE.
Times per week
Times per month
Times per year
Does your child get a wellness exam every
year? That is, do you take your child to an
annual doctor’s visit when he or she is not
sick?
Yes
No
Sometimes
How often do you take your child to the
dentist for a check-up?
Question in this series are scored on a scale
from 0-100, with three markers: strongly
agree (lowest), neither agree nor disagree, and
strongly disagree (highest).
For the following questions, please indicate
how much you agree with each statement by
moving the slider to the point that best
represents your feelings

4
5
6
7
8
9
10
11
12
13
14
15
knowledge of child

string
string
string
string
string
financial
1
2
numerical

financial
education

1
2
education, time
allocation
numerical
numerical
numerical
child well being

1
2
3
numerical

child well-being
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willing1
willing2
willing3
willling4
willling5
willing6
5.1

Desc_1

5.2

momage

5.3

employ

5.4

5.5

employoth
marital

percentcare

It is important that I have control over who
my child is friends with.
I spend time with adults who would not
otherwise be my friends because I want to
cultivate friendships for my child.
My child’s friends come to our house more
often than my child goes to theirs.
It is important to me that my child is friends
with the “right people”
I am willing to get involved in an argument
with my child’s teacher or administrator.
I go out of my way to regularly talk with my
child’s teacher or school administrator.
Instructions
Section 4: About You
Please answer questions in this section in
regards to YOURSELF. Some of these
questions pertain to demographic information,
while some of them pertain to your personal
well-being. Please remember that if at any
time you are uncomfortable with any
question, you may skip it and move on to the
next question.
What is your age? (participant age selection
ranges from 18-55 or older.
What is your current employment status?
employed; full time
employed; part time
unemployed; currently looking
unemployed; stay at home parent
self-employed
other
Employed; other (fill in text)
What is the best descriptor of your current
marital status?
married or in a committed relationship, living
together
married or in a committed relationship, not
living together
single; never married
single; separated or divorced
single; widowed
What percentage of childcare does your
spouse or partner contribute?
A lot more than 50% (my partner does most
of the child care).
A little more than 50% (my partner does
somewhat more child care than I do).
About 50% (my partner and I do equal
amounts of child care).
A little less than 50% (I do somewhat more
child care than my partner does).

scaled 0100
scaled 0100

Willingness

scaled 0100
scaled 0100
scaled 0100
scaled 0100

Willingness

add 17.

physical condition

Willingness

Willingness
Willingness
Willingness

economic
condition
1
2
3
4
5
6
string
family condition
1
2
4
6
7
family condition,
paternal care
1
2
3
4
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5.6

biodad

5.7

income

5.8

ses_past

5.9

ses_now

A lot less than 50% (I do most of the child
care).
Is this person the biological father of all of
your children?
Yes, all of my children.
Yes, some of my children.
No, not the father of any of my children.
What is your total household income,
including spousal or child support?
What is the best descriptor of your
socioeconomic status when you were
growing up?
lower class; extremely poor
lower class
lower middle class
middle class
upper middle class
upper class
upper class; extremely wealthy
How would you describe your socioeconomic
status now?
lower class; extremely poor
lower class
lower middle class
middle class
upper middle class
upper class
upper class; extremely wealthy

5.10

freelunch

5.11
5.12

kidschool
pubschool

5.13

homeschool

5.14

whymove

Does your child qualify for free or reduced
price lunch?
Yes
No
What school does your child attend?
Is this school a public school in the Fullerton
School District?
Yes
No
If 5.12 = yes Is this your home school or have
you transferred in?
Home school
Transfer
What was your reason for transferring?
I think this school’s academic performance is
better.
I think this school’s social environment is
better.
I prefer the teachers or adminstrators at this
school.
This school provides a particular program that
I wanted for my child.
My child’s care provider lives in this school’s
zone.
This school is closest to my work.

5
family condition,
paternal care
1
2
3
numerical

economic
condition
SES

1
2
3
4
5
6
7
SES
1
2
3
4
5
6
7
economic
condition
1
2
string

education invest
education invest

education invest
1
2
education invest
1
2
3
3
5
6
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whymoveot
5.15

numboy
numgirl

5.16

ageboy
agegirl

5.17

otherdad

5.18

firstbirth

5.19

homeboy50
homegirl50

5.20

homeboy
homegirl

5.21
5.22

5.23

5.24

5.25

origin
release

SNAP

section8

default1

Other
What was your reason for transferring—other
text entry
How many biological children do you have?
Boys
How many biological children do you have?
Girls
Please list the ages of each of your biological
children. Please separate them with a comma boys
Please list the ages of each of your biological
children. Please separate them with a comma girls
Do you have biological children with more
than one person?
Yes
No
How old were you when you had your first
child?
How many children live with you at least 50%
of the time—boys.
How many children live with you at least 50%
of the time - girls
Please list the ages of all the children who live
with you. Separate each with a comma—boys.
Please list the ages of all the children who live
with you. Separate each with a comma—girls.
In what city/state were you born?
How many people (besides yourself and/or
the child’s father) did you list as people to
whom your child can be released from
school?
1 or less
2
3
4
5
6
7
8
9
10 or more
In the past 6 months, did you receive any
government food or cash assistance?
Yes
No
In the past 6 months, did you receive housing
assistance, such as section 8?
Yes
No
In the past six months, have you defaulted on
a credit card?
Yes
No

7
string

education
investment

numerical
numerical
string

family condition

family condition
1
2
numerical

physical cond
family cond

numerical
numerical
numerical,
string
numerical,
string
string
family cond

1
2
3
4
5
6
7
8
9
10
economic cond
1
2
economic cond
1
2
economic cond
1
2
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default2

default3

default4

default5

In the past six months, have you used a
payday advance service?

economic cond

Yes
No
In the past six months, have you been unable
to pay your rent or mortgage?
Yes
No
In the past six months, have you asked a
friend or family member for money?
Yes
No

borrow_frnd
borrow_fam
borrow_nbr
borrow_com
borrow_pd

sick_frnd
sick_fam
sick_nbr
sick_com
sick_pd

5.27

care_frnd
care_fam
care_nbr
care_com
care_pd
freecare

5.28

care_relate

5.29

whocontact

economic cond
1
2
economic cond
1
2

In the past six months, have you had your
vehicle repossessed?

economic cond
Yes
No

5.26

1
2

Please list the number of people in each
category on whom you could rely for
assistance.
If you needed to borrow money to pay your
rent or mortgage.
Friends
Family members
Neighbors
Community Members
Paid Service
If you experienced and injury or illness and
needed someone to care for you for several
weeks.
Friends
Family members
Neighbors
Community Members
Paid Service
If something happened to you today and you
needed someone to care for your child for
several hours.
Friends
Family Members
Neighbors
Community Members
Paid Service
If you had no child care and there were no
family members to care for your child, do you
know someone who would watch your child
for free?
Yes
No
If above = yes: What relation is this person to
you?
Who would you be most likely to contact for
immediate child care?

1
2

numerical
numerical
numerical
numerical
numerical

numerical
numerical
numerical
numerical
numerical

numerical
numerical
numerical
numerical
numerical

1
2
string
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5.30
socialwk

5.31
5.32
5.33

5.34

101

102

socialmnth
socialyr
seefriend
sib_bro
sib_sis
wherelive

whereliveoth
education

ethnicity

ethn_oth
sex_pref

sex_prefoth
Investment Constructs

a friend
A family member
A paid babysitter
A church or community member
How often do you go out socially without
your children or spouse/partner?
Times per week

1
2
3
4

Times per month
Times per year
How many friends do you see on a regular
basis (e.g., once a month or so)? Do not count
family members.
How many siblings do you have: brothers
How many siblings do you have: sisters
Where do you live?
In a single family home that I own
In a single family home that I rent
In a condo or duplex that I own
In a condo or duplex that I rent
In an apartment that I rent
In a temporary residence, such as a shelter
I am currently homeless
Other
Where do you live- other text entry
What is the highest level of education that you
have completed?
I did not finish high school
High school diploma or GED
Associate Degree or equivalent military
Certificate from trade school
Bachelor’s degree
Master’s degree
Doctorate
What is your ethnicity?
White
Hispanic or Latin American
African America
Asian
Middle Eastern
decline to state
other
Native American
What is your ethnicity –other text entry
What is your sexual preference?
Heterosexual (straight)
Homosexual (gay)
Bisexual
Asexual
Decline to state
Other
What is your sexual preference –other text
entry

numerical
numerical
numerical

numerical

numerical
numerical
1
2
3
4
5
6
7
8
string
1
2
3
4
5
6
7
1
2
3
4
5
6
7
8
string
1
2
3
4
5
6
string
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Child well-being: investment in child’s physical or emotional health.
Knowledge of child: How much the mother knows about the child’s day to day life.
Worry: A measure of how much the mother worries about her child’s current and future wellbeing.
Financial: How much the mother spends on the child and how much she has financially invested
in the child’s future.
Time Allocation: A measure of the amount of time the mother spends with this child, measured as
a proportion of her free time and the amount of time she spends in activities that are specifically
child-focused.
Willingness: A measure of how much the mother is willing to risk her own social status for the
benefit of her child.

Condition Constructs





Physical: A measure of the mother’s physical and emotional well-being, measured by the SF-12
short form health survey.
Economic: A measure of the mother’s economic standing.
Family: A measure of proximity to kin and willingness of family to aid her as needed.
Paternal care: The amount of assistance with child care she receives from in-home paternal
support.
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